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SUMMARY

Method 2 outlines a procedure for determining stack gzs
velocity and volumetric flow rate from stationary sources. A
Type S (stauscheibe or reverse) pitot tube or a standard pitct
tube meeting the criteria in Section 3.1.1, calibrated according
to the procedures outlined in Section 3.1.2, and operated in
accordance with Section 3.1.4 is used to measure velocity pres-
sure (Ap); this pressure measurement, along with gas density, is
used to determine the stack gas velocity.

If the minimum criteria of Method 1 are not met or if the
measurement site has a swirling or cyclonic gas stream, the pro-
cedures outlined in Method 2 for stack gas velocity and volu-
metric flow rate determination are not applicable. When unac-
ceptable flow conditions exist, alternative procedures such as
the use of flow-straightening devices or stack extensions must be
employed as necessary to make accurate flow rate determinations.
These alternative procedures are subject to approval by the ad-
ministrator.

The Method Description which follows is based on the Refer-
ence Method published August 18, 1977. A complete copy of the
Reference Method is contained in Section 3.1.10. Data forms are
provided in Section 3.1.12 for the convenience of the Handbook
user. Reference 1 was used extensively in preparing the Method
Description and the data forms. References 2, 3, 4, and 5 sum-
marize collaborative tests conducted to determine the usefulness
and accuracy of this method.
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METHOD HIGHLIGHTS

Section 3.1 describes specifications for determination of
stack gas velocity and volumetric flow rate from stationary
sources. The sampling apparatus consists of a pitot tube and
a differential pressure gauge. Stack gas velocity and volumetric
flow rate can be determined in conjunction with other EPA Re-
ference Methods (i.e., Method 5) if the sampling components are
mounted in an interference-free manner.

The results of collaborative tests have shown that the pre-
cision of this test method is adequate for use with other test
methods in determining pollutant emission rates; collaborative
tests also showed that the method is not subject to large biases
from one user to another.z’5

The blank data forms at the end of the highlights section
may be removed from the Handbook and used in the pretest, test,
and posttest operations. Each form has a subtitle '(é.g.,
Method 2, Figure 2.4) to assist the user in finding a similar
filled-in form in the Method Description (e.g., 1in Section
3.1.2). On the blank and filled-in forms, the items/parameters
that can cause the most significant errors are indicated with an
asterisk. ’ '

1. -~ Procurement of Equipment

Section 3.1.1 (Procurement of Apparatus and Supplies) gives
the specifications; criteria, and design features for equipment
and materials required for performing Method 2 tests. The sam-
pling apparatus can be used in conjunction with sampling equip-
ment required for other methods such as Methods 5 and 8 pre-=
sented in this Handbook. This section is designed as a guide in

———

the procurement and initial check of equipment and supplies. The
activity matrix (Table 1.1) at the end of Section 3.1.1 can be
used as a quick reference; it follows the same order as: the

Ay
(f" 7 N

/-

'\ _/,

written description in the main text.
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2. Pretest Preparations

Section 3.1.2 (Calibration of Apparatus) provides a step-
by-step description of the required calibration procedures.
Detailed methods and equipmeﬂzrvare described fof—_éalibrating
pitot tubes in the laboratory and in the field. The calibration

section can be removed and compiled, along with calibration sec-

tions from all other methods, into a separate quality assurance
reference manual for use by calibration personnel. A pretest
checklist (Figure 3.1) or similar form should be used to sum-
marize the calibration data. |

Section 3.1.3 (Presampling Operations) provides the tester
with a guide for supplies and equipment preparation for field

tests. The pretest preparation form (Figure 3.2) can be used as
an equipment checkout and pécking list. The method for packing
and the description of packing containers should help to protect
the equipment, but are not required.

3. On-Site Measurements

Section 3.1.4 (On-Site Measurements) contains a step-by-step
procedure for performing velocity measurements. Precautions must
be taken to ensure that the pitot tube is aligned with the stack
gas flow. Also a check for cyclonic flow must be made. The
on-site measurement checklist (Figure 4.2) is provided to assist
the tester with a guick method of checking requirements.

4. Posttest Operations

Section 3.1.5 (Postsampling Operations) gives the posttest
equipment check procedures. Figure 5.1 or a.similar form should
be used to summarize the posttest calibration checks, and should
be included in the emission test report.

Section 3.1.6 (Calculations) provides the tester with the
required equations, nomenclature, and the suggested number of
significant digits. It is suggested that a programmed calculator
be used if available to reduce the chance of calculation error.

Section 3.1.7 (Maintenance) provides the tester with a ide
for a routine maintenance program. This progfaa’IE'HSE~§€§G?§ZE,

but should reduce equipment malfunctions.
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5. Auditing Procedure

Section 3.1.8 (Auditing Procedure) provides a description
of necessary activities for conducting performance and system
audits. The performance audits of the data processing and a
systems audit of the on-site measurements should provide the
independent assessment of the quality of data needed.

Section 3.1.9 (Recommended Standards for Establishing
Traceability) recommends the primary standards to which the
working standards should be traceable. ' |
6. References

Sections 3.1.10 and 3.1.11 contain the Reference Method and
the suggested references.
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- PRETEST SAMPLING CHECKS
(Method 2, Figure 3.1)
Date Completed by
Pitot Tube
Identification number Date:
Dimension specifications checked?* yes no
Calibration required? yes no
Date C
p
Temperature Sensor
Identification number
Calibratedz=* yes no
Was a pretest temperature correction used? yes no
If yes, temperature correction °C (°F)
Barometer
Was the pretest field barometer reading correct?* yes no

Differential Pressure Gauge

Was pretest calibration acceptable?* yes no

*Most significant items/parameters to be checked.
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(Method 2, Figure 3.2)
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Apparatus check

Acceptable

Yes

No

Quantity
required

Ready Loaded

Yes | No and packed

Pitot Tube

Type S
Standard
Length m(ft)

Calibrated*

Differential
Pressure Gauge

Inclined manom-
eter sensitivity
cm (in.)

Other

Stack Temperature
Sensor

Type

Calibrated*

Orsat Analyzer

Orsat

Fyrite

Other

*Most significant items/parameters to be checked.
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ON-SITE MEASUREMENTS CHECKLIST
(Method 2, Figure 4.2)

Sampling

Pitot tube, lines, and manometer assembled correctly?*

Pitot tube and components mounted in an interference free man-
ner?#*

Differential pressure gauge has correct sensitivity?*

Differential pressure gauge leveled and zeroed?*

Pretest leak check? (optional) Cyclonic flow checked?*

Pitot tube parallel to gas flow?*

Static pressure measured? Tempefature measured?
Moisture content determined? Method

Orsat samples taken? If no, explain:

Posttest leak check performed?* (mandatory)

Data recorded properly?

*Most significant items/parameters to be checked.
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POSTTEST SAMPLING CHECKS
(Method 2, Figure 5.1)
Pitot Tube
Initial pitot tube coefficient
Was pitot tube damaged prior to start of any test runs? yes
no
If yes, was pitot tube calibrated prior to repair?* _ yes no
Pitot tube coefficient (damaged) {this value must

be used for runs started with the damaged pitot tube)

Temperature Sensor

Was a pretest temperature correction used? yes no
1f yes, temperature correction °C (°F) (within 1.5%
of readings in K (°R) over range)

Average stack temperature of compliance test (T_) K (°R)

Temperature of reference thermometer or solutioR for recalibra-
tion* K (°R)

Temperature of stack thermometer for recalibration K (°R)

Difference between reference and stack thermometer temperatures
(AT ) K (°R) -

Do vafues agree within +1.5%7%* yes no
If yes, no correction necessary for calculations
If no, calculations must be done twice, once with recorded,
values and once with average stack temperature corrected to
correspond to reference temperature differential (AT_). Both
values of final results must then be reported since fhere is no
way to determine which is correct

Barometer

Was pretest field barometer reading correct? _yes no

Posttest comparison mm (in.) Hg (within 5.0 mm (0.2 1n.)
Hg of mercury-in-glass barometer)

Was recalibration required? yes no

I1f yes, no correction needed when field barometer has the lower
reading

If mercury-in-glass reading is lower, subtract the difference
from the field data readings for the calculations

*Most significant items/parameters to be checked.
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

Figure 1.1 shows a diagram of the Type S pitot tube-manom-
eter assembly used in this method. Specifications, criteria and/
or applicable design features are given in this section to aid in
the selection of equipment which will produce accurate data.
Selection procedures and applicable limits for acceptance checks
are also included. During procurement of equipment and supplies,
it 1is suggested that a procurement log (Figure 1.2) be used to
record the descriptive title of equipment; the identification
number, if applicable; and the results of the acceptance,check!
Also, if calibration is required as part of the acceptance check,
the data are to be recorded in the calibration log book. Table
1.1 at the end of this section contains a summary of quality
assurance activities for procurement and acceptance of apparatus
and supplies.
1.1 Pitot Tube

A Type S pitot tube shown in Figure 1.1 is required. The
pitot tube should be constructed of metal tubing (e.g., 304 or
316 stainless steel) with an external tubing diameter (Dt) be-
tween 0.48 and 0.95 cm (3/16 and 3/8 in.). The major criteria in
pitot tube construction material are durability and corrosion

resistance.. Upon receiving a new pitot tube, inspect it to
determine if it was constructed according to the configuration in
Figure 1.3. Repair, replace, or return to the manufacturer any
Type S pitot tube which does not meet the face opening specifica-
tions outlined in Figure 1.4. One method of inspecting the con-
struction details is as follows:

1. Obtain a section of angle aluminum approximately 20 cm
(8 in.) long by 1.3 x 2.5 cm (0.5 x 1.0 in.). Mount a bull's eye
level (with *1° accuracy) to the angle aluminum, as shown in
Figure 1.5.

2. Place the pitot tube in the angle aluminum as shown in
Figure 1.5, and level the pitot tube as indicated by the bull's
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TEMPERATURE SENSOR FLEXIBLE TUBING

I/ v /‘Nm (174 IN.)

L* 7

m /
TYPE S PITOT TUBE
T LEAK-FREE
GAS FLOW CONNECTIONS
L
MANOMETER

#L = DISTANCE TO FURTHEST SAMPLING
POINT PLUS 30 CM (12 IN.)

*#PITOT TUBE - TEMPERATURE SENSOR SPACING

Figure 1.1 Type S pitot tube-manometer assembly.
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A-SIDE PLANE

i NOTE:
LONGITUDINAL _ D¢ 1.05 D.< P <1.50 D¢
TUBE AXIS ¥ B Py = Pg
0.48 CM <D, < 0.95 CM B-SIDE PLANE
(3/16 IN.)" ~(3/8 IN.) (b)
TRANSVERSE
TUBE AXIS !
——"ES "AORE <i:i-7::} T j:xz:v '
(c) FACE
— OPENING |
PLANES -
(a) END VIZa

Figure 1.3. Properly constructed Type S pitot tube, shown in:
(a) end view; face opening planes perpendicular to transverse
axis; (b) top view; face opening planes parallel to longitudinal
axis; (c) side view; both legs of equal length and centerlines

coincident, when viewed from both sides. Baseline coefficient
values of 0.84 may be assigned to pitot tubes constructed this
way.

/
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A

_ -/ | / \
TRANSVERSE | .
TUBE AXIS A} —
AXIS : |
B l :
! ' "

(a) ! (b)

LONGITUDINAL
TUBE AXIS__

Figure 1.4. Types of face-opening misalignment that can result
from field use or improper construction of Type S pitot tubes.
These will not affect Cp so long as o and % <10°, 62 <5°,
z <0.32 cm (1/8 in.) and w<0.08 cm (1/32 1In.). g
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eye level. A vise may be used to hold the angle aluminum and
pitot tube. Note: A permanently mounted pitot tube and probe
assembly may require a shorter section of angle aluminum to allow
proper mounting on the assembly.

3. Place a degree indicating level in the various posi-
tions, as illustrated in Figure 1.6. '
4. Measure distances Pa and Py-
5. Measure the external tube diameter (Dt) with a microm-
eter. Record all data on a data form such as Figure 1.7.
6. Calculate dimensions w and z using the following equa-
tions: .
z = A sin Y Equation 2-1
= A sin © Equation 2-2
where,

-z = alignment dimension, cm (in.)
w = alignment dimension, cm (in.)

A = distance between tips, (Pa + Pb), cm (in.)
Y = angle in degrees
© = angle in degrees. .

Note: Pitot tubes with bent or damaged tubing may be difficult
to check using this procedure. If the Type S pitot tube meets
the face alignment criteria, an identification number should be
assigned and permanently marked or engraved on the body of the
tube. “

A standard pitot tube (Figure 1.8) may be used instead of a
Type S for conducting velocity traverses. Upon receiving a newvw
standard pitot tube, inspect it to determine if it meets the fol-
lowing design criteria: |

1. The tip is of the hemispherical (shown in Figure 1.8),
ellipsoidal, or conical design. ;
2. There is a minimum of six diameters straight run (based
upon Dl’ the external diameter of the tube) between the tip and-

static pressure holes.
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Figure 1.6 Position of dimension measurement.
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Pitot tube assembly level? v// yes no

Pitot tube openings damaged? yes (explain below) L~ no

o = A5 ° (<10°), = _0.8 ° (<10°), By = _0.0° (<5°),

By = 45 ° (<5°)

)

Yy = 2.5 ° 6= /.5 °, A =(0921) cm (in.)

z=Asiny= (0.053) cm (in.); <0.32 cm (<1/8 in.),
w=Asin® = (0.02%) cm (in.); <0.08 cm (<1/32 in.)

P, (0-%/) ____cm (in.) P, (0. 460) cm (in.)
Dy = _{ 0.28%) cm (in.)

Comments:

Calibration required? yes v no

Figure 1.7 Type S pitot tube inspection data form.
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3. There 1s a minimum of eight diameters straight run
between the static pressure holes and the centerline of the
external tube, following the 90° bend.

4. The static pressure holes are of equal size (approxi-
mately 0.1 D), equally spaced in a piezometer ring configuration.

5. It has a 90° bend, with curved or mitered junction.
Repair, replace or return to the manufacturer any standard pitot
tube which does not meet the above criteria.

1.2 Differential Pressure Gauge

A liquid-filled inclined manometer or an equivalent device
should be used to measure the velocity head. Most preassembled
sampling trains are equipped with a 10-in. (water column) in~
clined-vertical manometer that has 0.0l1-in. divisions on the
0-to-1-in. inclined scale and 0.1-in. divisions on the 1-to~
10-in. vertical scale. This type manometer (or other gauge of
equivalent sensitivity) is satisfactory for measurements of Ap
values as low as 1.3 mm (0.05 in.) H2
greater sensitivity (e.g., with 6.4 mm (0.25 in.) H,0 full scale)

0. However, a gauge of

is required for stacks with velocity pressures below 1.3 mm
(0.05 in.) HZO'

Upon receipt of a new manometer, leak check it using the
following procedure: '

1. Level and zero the manometer.
2. Vent both sides of the manometer to the atmosphere.
3. Place tygon tubing, or equivalent on the positive leg

of the manometer, and blow into the tubing to displace the liquid
to at least 30% of scale.

4. Close off the open end of the tubing, and observe the
manometer for 15 s. If there is no change in the reading, the
positive side of the manometer is leak free.

5. Repeat steps 3 and 4 for the negative side of the man-
ometer, but use suction to produce the manometer reading.

Repair, replace, or return to the manufacturer any manometer
which does not pass the leak check.
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If differential pressure gauges other than inclined mano-
meters are used (e.g., magnehelic or electronic gauges), cali-
brate the gauges upon receipt using the procedure in Section
3.1.2. | |
1.3 Temperature Gauge

A thermocbuple, liquid-filled bulb thermometer, or other
means capable of ‘measuring'temperature to within 1.5% of the
minimum absolute stack temperature is required. Upon receipt,
check the temperature gauge for damage, and then calibrate it
according to the procedure in Section 3.1.2.

1.4 Pressure Probe and Gauge

Leak-free tubing and a mercury-or water-filled U-tube manom-
eter capable of measuring stack pressure to within 2.5 mm (0.1
in.) Hg is required. The static tap of a standard type pitot
tube or one leg of a Type S pitot tube with the face openings
positioned parallel to the gas flow may also be used as the
pressure probe. The differential pressure gauge used for veloc-
ity measurements can be used to measure static pressure.

Upon receipt of a U~tube manometer, leak check according to
the procedure in Subsection 1.1.2. '
1.5 Barometer ' 0 _

A mercury, anerocid, or other baromgter capable of measuring
atmospheric preSSure to within 2.5“ﬁm (0.1 in.) Hg is required.
Upon receipt of a new barometer, check it against a mercury-in-
glass barometer or the equivalent. If the barometer cannot be
adjusted to agree within 2.5 mm (0.1 in.) Hg of the reference
barometric pressure, it should be returned to the manufacturer.
1.6 Gas Analyzer

To analyze gas composition for determining dry molecular
weight of the gases from combustion or other unknown streams, use
Method 3. For processes emitting essentially air, use a dry
molecular weight of 29.0. Use Method 4 or Method 5 for moisture
content determinations.



Section No. 3.1.1
Revision No. 0

Date January 15, 1980
Page 14 of 15

1.7 Calibration Pitot Tube

Standard type, to calibrate the Type S pitot tube. The
standard type pitot tube should have a known coefficient obtained
from the National Bureau of Standards (NBS), Route 70 S, Quince
Orchard Road, Gaithersburg, Maryland, or the standard pitot tube
must be calibrated against another standard pitot tube with an
NBS~traceable coefficient. Alternatively, a standard pitot tube
designed according to the criteria given in Subsection 1.1.1 and

illustrated in Figure 1.8 may be used. Be sure to inspect the
standard type pitot tube for any damage upon receipt.
1.8 Differential Pressure Gauge

An inclined manometer or equivalent is used for Type S pitot
tube calibration. This should be an easily readable, sensitive
gauge for laboratory use. If the single-velocity calibration
technique is used (Section 3.1.2), the calibration differential
pressure gauge should be readable to the nearest 0.13 mm (0.005
in.) H,0. For multivelocity calibrations, the gauge shall be
readable to the nearest 0.13 mm (0.005 in.) H,0 for Ap values
between 1.3 and 25 mm (0.05 and 1.0 in.) HZO' and to the nearest
1.3 mm (0.05 in.) Hzo for Ap values above 25 mm (1.0 in.) H20. A
special, more sensitive gauge will be required to read Ap values
below 1.3 mm (0.05 in.) H20° Visually check and leak check the
calibration differential pressure gauge upon receipt.




Table 1.1 ACTIVITY MATRIX

Section No.

3.1.1

Revision No. 0

Date January 15,

1980

Page 15 of 15

FOR PROCUREMENT OF APPARATUS

Frequency and method

Action if
requirements

Apparatus Acceptance limits of measurement are not met
All apparatus No visible damage Visual check when Return to
purchased supplier
immediately
Pitot tube See Figs 1.3 and 1.4 Measure dimensions Do not use
(Type S or for acceptance limits and alignment; if alignment
.~ equivalent) identify upon is not within
receipt limits; repair
or replace
Differential No leaks When purchased,‘ Adjust or re-
pressure visually inspect turn to sup-
gauge and leak check plier
Temperature Capable of measuring Calibrate according Return to
gauge temperature within 1.5% { to Section 3.1.2 supplier or
of minimum absolute repair
stack temperature
Pressure probe | Capable of measuring Visual inspection Adjust to

and gauge

stack pressure within
2.5 mm Hg (0.1 in.)

and leak check

correct for
error, or re-

Hg; no leaks turn to sup-
plier
Calibration Meet design specifi- Visual check Return to
pitot tube cations with known supplier
coefficient from
NBS, or see Sec 1.1
Calibration No leaks; single point- | Visual check and Repair or
differential capable of measuring Ap | leak check replace
pressure to within 0.13 mm
gauge (0.005 in.) H,0; multi-

point readablé within
0.13 mm (0.005 in.)

H, O for Ap values be-
tween 1.3 and 25 mm
(0.05 and 1.0 in.) and
to nearest 1.3 mm

(0.05 in.) HZO for Ap
values >25 mm (110 in.);
special sensitivity for
values <1.3 mm (0.05
in.) HZO

\, Y
\. hY
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2.0 CALIBRATION OF APPARATUS

Calibration of apparatus is one of the most important func-
tions 1n maintaining data quality. The detailed calibration
procedures in this section are designed for the equipment speci-
fied by Method 2 and described in the>previous section. A labo-
ratory 1log book ' of all calibrations must be maintained.
Table 2.1 at the end of this section summarizes the quality
assurance activities for calibration. | -

2.1 Type S Pitot Tube

A pitot tube that meets the face opening specifications in
Section 3.1.1 (Figures 1.3 and 1.4) and that has the following
dimensions--external tubing diameter (Dt) between 0.48 and 0.95
cm (3/16 and 3/8 in.) and PA and PB egqual and between 1.05 and
1.50 Dt--either may be assigned a baseline (isolated tube) coef-
ficient value of 0.84 or may be calibrated. Note, however, that
if the pitot tube is mounted on a probe thermocouple assembly and
if the components of the assembly do not meet the interference
free criteria in (Subsection 2.1.1), calibration will be required
despite knowledge of the baseline coefficient value.

If D, P,, and. Py are outside the specified limits, the
pitot tube must be calibrated as outlined in Subsection 2.1.2.
2:1.1 Pitot Tube Assemblies - Interference~free assemblies--that
is, pitot tubes mounted with a temperature sensor, probe, and
nozzle--are shown in Figures 2.1 and 2.2. When the pitot tube
meets the previously described dimensions and specifications and

is mounted according to the specifications in Figures 2.1 and
2.2, no calibration is required and the baseline (isolated tube)
coefficient of 0.84 may be used. Dimensions of the pitot tube -
probe sampling assembly must be carefully measured with an in-
ternal caliper or a steel machinist's rule.

Note: Only pitot tubes constructed of 0.48 to 0.95 cm (3/16 to
3/8 in.) tubing can be used in interference-free assemblies. All
other assemblies must be calibrated.

]
i )/’

=

/
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1o, TYPE S PITOT TUBE D)
| x >1.90 cm (3/4 in.) for D_ = 1.3 em (1/2 in.)

. A D
SAMPLING NOZZLE )y N

(a) BOTTOM VIEW: SHOWING MINIMUM PITOT-NOZZLE SEPARATION.

SAMPLING NOZZLE I

STATIC PRESSURE
"OPENING

SAMPLING PROBE

v b

TYPE S PITOT TUBE ,

N, | IMPACT PRESSURE
OPENING

NOZZLE OPENING\__

(b) SIDE VIEW: TO PREVENT PITOT TUBE FROM INTERFERING WITH
GAS FLOW STREAMLINES APPROACHING THE NOZZLE, THE IMPACT
PRESSURE OPENING PLANE OF THE PITOT TUBE SHALL BE EVEN
WITH OR DOWNSTREAM FROM THE NOZZLE ENTRY PLANE

Figure 2.1 Required pitot tube-sampling nozzle configuration
to prevent aerodynamic interference; buttonhook-type nozzle;
centers of nozzle and pitot opening aligned; in respect to flow
direction, D, between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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2.1.2 Calibration Setup - A test setup for calibrating the

pitot tube can be constructed in the labbratory from a straight
section of duct that is 10 to 12 duct diameters long, as shown
in Figure 2.3. The diameter of a circular duct must be at least
30.5 cm (12 in.), and the width (shorter side) of a rectangular
duct of the same area must be at least 25.4 cm (10 in.). For a
rectangular cross section, an equivalent circular diameter calcu-~
lated from the following equation should be used to determine the
required minimum length.

_ 2 LW : _
De (A Equation 2-1
where
De = equivalent diameter,
L = length of one side of duct, and
W = width of other side of duct

To ensure stable, fully developed flow patterns at the cali-
bration site or at the "test section," this site must be located
at least eight diameters downstream and two diameters upstream
from any flow disturbance such as a bend, change in cross sec~
tion, fan, or opening.

The eight- and two-diameter criteria are not absolute, and
other test section locations may be used (subject to approval of
the administrator), provided that the flow at the test site 1is
stable and parallel to the duct axis. This may be achieved
by using flow straighteners.

The flow system should generate a test section velocity of
about 915 m/min (3000 ft/min); this velocity must be constant
with time to guarantee steady flow during calibration. Type S
pitot tube coefficients obtained by single-velocity calibration
at 915 m/min (3000 ft/min) will dgenerally be valid to within +3%
for the measurement of velocities above 305 m/min (1000 ft/min)
and to within +6% for those between 180 and 305 m/min (600 and
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1000 ft/min). A more precise correlation between Cp and velocity
can be obtained if at least four distinct velocities ranging from
180 to 1525 m/min (600 to 5000 ft/min) are used. 'S

Two entry ports--one each for the standard and for the
Type S pitot tubes--should be cut in the test section, as shown
in Figure 2.4. The standard pitot entry port should be slightly
downstream of the Type S port, so that the standard and Type S
impact openings will lie in the same cross-sectional plane during
calibration. The exact distance between openings depends on the
standard pitot tube diameter. To facilitate alignment of the
pitot tubes during calibration, the test section should be con-
structed of plastic or some transparent material.

A permanently mounted manometer should be provided near the

calibration site. Plastic tubing and two-way valves will faci-
litate connecting the manometer to the pitot tubes and in
switching from one pitot tube to another. Pitot tube holders
should be used to maintain the alignment and location of each
pitot tube during calibration.
2.1.3 cCalibration Procedure - One leg of the Type S pitot tube
should be marked with an "A" and the other with a "B." To
obtain calibration data for both the A and B sides, proceed as
follows:

1. Clean and fill the manometer with clean fluid of the
proper density. Inspect and leak check all pitot 1lines and
fittings; repair or replace if necessary.

2. Assemble the apparatus, as shown in Figure 2.4.

3. Level and zero the inclined manometer. Turn on the
fan, and allow the flow to stabilize. Seal the Type S entry port
with duct tape.

4. Position the standard type pitot tube near the center
of the duct, and seal the entry port with duct tape or other
means. Check to be sure that the pitot tube is properly aligned
and perpendicular to the duct.
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Figure 2.4 Pitot tube calibration set-up.
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5. Adjust the fan speed or intake area to give a desired
velocity head, as measured by the standard pitot tube, and record
Apoirg ©on a form such as Figure 2.5. Check the reading again;
withdraw this pitot tube; and seal the opening.

6. Connect the Type S pitot tube to the manometer. Insert
the Type S tube, and locate the tip at the same point in the duct
as that measured by the standard tube.

7. Align the Type S tube with leg A facing directly up-
stream. Alignment of the pitot tube along the roll and pitch
axes 1is best accomplished by visually aligning it against the
duct. Seal the entry port with a rag or duct tape. Figures 2.6
and 2.7 illustrate the magnitude and characteristics of measure-
ment errors in Cp associated with varying degrees of nonalignment
on the roll (yaw) and pitch axes, respectively.

8. Read and record the velocity head, Apg in Figure 2.5.
Remove the Type S tube from the duct, and disconnect the manom-
eter.

S. Repeat steps 4 through 8 above until three sets of
velocity head measurements are obtained.

10. Repeat the complete procedure with leg B of the Type S
pitot tube facing upstream. |

11. Calculate the Type S pitot tube coefficient, Cp(S)’ for
each set of measurements, using Equation 2-2.

Apstd

Cc = C
p(s) p(std)
Aps

Equation 2-2

where
Cp(s) = Type S pitot tube coefficient,
Cp(std) = standard pitot tube coefficient (use 0.99 if

coefficient is unknown and tube is designed
according to guidelineé in Section 3.1.1),

APty = velocity head measured by the standard pitot tube,
cm (in.) HZO’ and

Aps = velocity head measured by the Type S pitot tube,

cm (in.) Hzo.
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o

type S size (OD) fyg ID number F/.-|}
Type S pitot tube ID number jfé Cp(std) = o.99
Calibration: date Sspf /. /979 performed by 4. ABLown

Calibration pitot tube:

A-Side Calibration

Apstd' Aps’ a b
cm (in.) cm (in.) Cors DEV.
H.O H.0 p(8)
2 2
C. 0> G o858 SIS ¢ U0k
o OY S e Rl Q. K37 GO0
C2. 090 NN N AR T o0
Average oyt 0. 0037
B-Side Calibration
Apstd’ Aps' a b
cm (in.) cm (in.) C DEV.
H.0 H.0 p(s)
2 2
G plbd . 09 ol 0.0k
0. 0%0 Coil 0. B4 O Cly
£.095 0.1 O.GyL A OO
Average oM Bat & 0DART
Ap
a , , std . .
C = C —5L8 - . .
p(s) = “p(sta) || mp, T -2-E£

b

Co(a) - T (B) =

Figure 2.5

DEV = C - C_, <0,
p(S) Cp (must be <0.01)

O (must be <0.01)

Pitot tube calibration data.
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Example of error in measured stack gas velocity as a
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12. Calculate Ep(A) and ﬁp(B), the average A-side and
B-side coefficients, and the difference between these two
averages.

13. Calculate the deviation of each o¢f the three A-side
values of Cp(s) from Ep(A), and the deviation of each B-side
value of Cp(s) from EP(B), using Equation 2-3.

Deviation = C - C_ (A B). Equation 2-3
a n p(s) p (A or B) qu
14. Calculate s, the estimated standard deviation of the

deviations from the mean for both the A and B sides of the pitot
tube using Equation 2-4.

1/2
[Ch(s) = Ep (a or B)1?
2

3
2
s (Aor B) =\1 . Equation 2-4

Use the Type S pitot tube assembly only if the values of s for
both A and B are <0.02 and if the absolute value of the differ-
ence between 'c‘p(A) and EP(B) is <0.01.

2.1.4 Special Calibration Considerations - The pitot tube-probe
assembly may block a significant part of the flow in ducts <91 cm
(36 in.) in diameter. This blockage, in turn, affects the pitot
tube calibration factor. To check for any blockage effects, use
the following procedure:

1. Make a projected-area model of the pitot tube assembly
with the Type S pitot tube impact opening positioned at the
center of the duct (Figure 2.8). This model represents the
approximate "average blockage" of the duct cross section during
calibration or during a sample traverse. Although the actual
blockage will be less than this for sample points close to the
near stack wall and more than this for points close to the far
wall, the model approximates the average condition.

2. Calculate the theoretical average blockage by taking
the ratio of the projected area of the probe sheath to the cross



NOTE: A PITOT TUBE ASSEMBLY WITH
NO EXTERNAL SHEATH IS SHOWN.

BLOCKAGE DUCT AREA

Figure 2.8. Projected-area model for sampling of small
ducts with pitot tube assemblies.
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sectional area of the duct (use consistent units of measure), and
multiply by 100. If the theoretical blockage is either <2y for
an assembly with an external sheath or <3% for an assembly with-
out an external sheath, the decrease in Cp will be <1% and no
adjustment in the pitot tube coefficients will be necessary. If
the theoretical blockage exceeds these values, apply a correction
factor, as shown in Figure 2.9. During calibration, the blockage
effect can be minimized by keeping the pitot tube approximately
halfway between the near side wall and the center.

2.1.5 Recalibration -~ After each field use, the isolated pitot
tubes must be carefully examined and their dimensions checked, as

specified in Section 3.1.1. If damaged, a tube must either be
repaired to conform with the acceptable dimensions or be dis-
carded. Pitot tube assembly dimensions must also be carefully
checked. If the component spacings have not changed and- if
alignment is intact, the assembly may be reused with the same
correction factor. If the spacings have changed, either restore
the original spacing or recalibrate. No correction to the field
data is required for runs that were started with acceptable pitot
tubes. If the pitot tube is damaged, it may be replaced using an
interference-free spacing, as shown in Section 2.1; otherwise,
the assembly should be recalibrated.

Standard pitot tubes need not be recalibrated. If they are
damaged, they should be replaced.
2.2 Stack Temperature Sensor

The stack temperature sensor should be calibrated upon
receipt or checked before field use. Each sensor should be
uniquely marked for identification. The calibration should be
performed at three points and then ethapolated over the range of
temperatures anticipated during actual sampling. For the three
point calibration, a reference mercury-in-glass thermometer
should be used.

The following procedure is recommended for calibrating stack
temperature sensors (thermocouples and 'thermomé§ers)‘ for field

use. 1 |

/-/:‘) Y
L
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Figure 2.9 Adjustment of Type S pitot tube coefficients to
account for blockage effects in duct <91 cm in
diameter.
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1. For the 1ce point calibration, form a slush from
crushed ice and liquid water (preferably deionized, dlstllled) in
an insulated vessel such as a Dewar flask. |

Taking care that they do not touch the sides of the flask,
insert the stack temperature sensor into the slush to a depth of
at least 2 in. Wait 1 min to achieve thermal equilibrium, and
record the readout on the potentiometer. Obtain three readings
taken in l-min intervals. Note: Longer times may be reguired
to attain thermal equilibrium with thick-sheathed thermocouples.

2. Fill a large Pyrex beaker with water to a depth >4 in.
Place several boiling chips in the'water, and bring the water to
a full boil using a hot plate as the heat source. Insert the

stack temperature sensor(s) in the boiling water to a depth of at
least 2 in., taking care not to touch the sides or bottom of the
beaker.

Alongside the sensor(s), an ASTM reference thermometer
should be placed. If the entire length of the mercury shaft in
the thermometer cannot be immersed, a temperature correction will
be required to give the correct reference temperature.

After 3 min, both instruments will attain thermal equilib-
rium. Simultaneously record temperatures from the ASTM reference
thermometer and the stack temperature sensor three times at l-min
intervals.

3. For thermocouple, repeat Step 2 with a liquid that has
a boiling point (such as cooklng 011) in the 150° - 250°C (300° -
500°F) range. Record all data on Figure 2.10. For thermometers,
other than thermocouples, repeat Step 2 with a liquid that
boils at the maximum temperature that the thermometer is to be
used, or place the stack thermometer and reference thermometer in
a furnace or other device to reach the required temperature.
Note: If the thermometer is to be used at temperatures higher
than the reference thermometers will record, the stack thermom-
eter may be calibrated with a thermocouple previously calibrated
with the above procedure. _

. // " )
7y
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Date AqanT A /979 Thermocouple number /6 :
3 ,

Ambient temperature _2// °C Barometric pressure 29 ¢7 in. Hg

Calibrator 7. f/arwms Reference: mercury-in-glass AS7M. 3 C

other
Reference Thermocouple
Reference p | thermometer potentiometer | Temperature 3
point, Source temperature, | temperature, | difference, ;
number (specify) ocC oC o |
~ < . . .
L IC.*:'L-\.-‘r_;. ter / - C . / » C_, o
e 3y S 7
PATVAY v o o < . o / A
/i_;’ (.«' k_.\f:;".\-':"\. f\g / (/ l: ’) ¢ C_‘ / L I. C Q
Lot er
c 0.57
. boting N 570 205 ¢ 2 /o
Cookiing ST o Do

aEvery 30°C (50°F) for each reference point.
Type of calibration system used.

ref temp, °C + 273

c
(ref temp, °C + 273) - (test thermom temp, °C + 273)] 100<1.5%.

Figure 2.10 Stack temperature sensor calibration data form.
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4. If the absolute temperature wvalues of the reference
thermometer and thermocouple(s) agree within +1.5% at each of the
three calibration points, plot the data on linear graph paper and
draw the best-fit line between the points or calculate the linear
equation using the least-squares method. The data may be extrap-~
olated above and below the calibration points and cover the
entire manufacturer's suggested range for the thermocouple. For
the portion of the plot or equation that agrees within 1.5% of
the absolﬁte reference temperature, no correction need be made.
For all other portions that do not agree within *1.5% use the
-plot or equation to correct the data.

If the absolute temperature values of the reference ther-
mometer and stack temperature sensor (other th§n the thermo-
couple) agree within $1.5)% at each of the three points, the
thermometer may be used over the range of calibration points for
testing without applying any correction factor. The data cannot
be extrapolated outside the calibration points.

2.3 Barometer

The field barometer should be adjusted initially and before
each test series to agree within 2.5 mm (0.1 in.) Hg of the mer-
cury-in-glass barometer or ﬁhe station pressure value reported by
a nearby National Weather Service station corrected for eleva-
tion. The correction for elevation difference between the weath-
er station and sampling point should be applied at a rate of
-2.5 mm (0.1 in.) Hg/30 m (100 ft). Record the results on the
pretest sampling check form or on a similar form, as shown in
Section 3.1.3.

2.4 Differential Pressure Gauge

Differential pressure gauges other than inclined manometers
must be calibrated initially, and their calibration must be
checked after each test series. Calibrate and check the differ-
ential pressure gauge using the following procedire:

1. Connect the differential pressure gauge to a gauge-oil
manometer, as illustrated in Figure 2.11.

(?5€;1
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TO PRESSURE SOURCE OR DIFFERENTIAL PRESSURE

VENTCD TO ATMOSPHERE : GAUGE
VALVE
VALVE

TO VACUUM SYSTEM OR
VENTED TO ATMOSPHERE

MANOMETER

Figure 2,11 Differential pressure gauge check.
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2. Vent the vacuum side to the atmosphere, and place a
/ pressure on each system. ,
3. Compare Ap readings of the differential pressure gauge

with those of the gauge-oil manometer at a minimum of three
points representing approximately the range of Ap values to be
encountered. Follow the same procedures on the vacuum side by
venting the pressure side to the atmosphere and by putting a
vacuum on the system.

4. The posttest calibration should be performed at the
average Ap. If the agreement is within +5% the calibration is
acceptable; if not, void the data or consult the administrator to
determine acceptability.

5. Record the data on a form such as Figure 2.12. 1If, at
each point, the value of Ap as read by the differential pressure
gauge and the gauge-o0il manometer agree within 5%, the differen-
tial pressure gauge should be considered properly calibrated.

LD
‘\ —
V)
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Gauge type ”7/) e Hel C Serial or ID number 007

Scale o-/"
Pressure
_ Differential pressure difference
Gauge-o1l manometer Ap gauge Ap %
Coo f . o
Side A = U115 oIy O
0. 0 OO0 &
| o
¢ C- |
Urde B DINEY O s O
0. a0 o= O
Calibration: initial posttest v

7T Larrivs

Date calibrated A((ﬂ”d"r ‘/ /979 by

Figure 2.12 Differential pressure gauge calibration data form.
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Table 2.1 ACTIVITY MATRIX FOR CALIBRATION OF APPARATUS

Frequency and method

Action if
requirements

Apparatus Acceptance limits of measurement are not met
Type S pitot A1l dimension speci- When purchased, use Do not use
tube and/or fications met, or method in Secs 3.1.1 | pitot tubes
probe calibrate according and 3.1.2; visually that do not
assembly to Sec 3.1.2, and inspect after each meet face
mount in an interfer- field test opening
ence free manner specifica-
tions; re-
pair or re-
place as re-
quired
Stack gas tem- | Capable of measuring When purchased and Adjust to

perature within 1.5% of minimum | after each field agree with Hg
measurement stack temperature test, calibrate bulb thermom-
system (absolute) against ASTM 3C or eter, or con-
3F thermometer struct a cal-
: ibration
curve to cor-
rect the
readings
Barometer Agrees within 2.5 mm Initially and after Adjust, re-
(0.1 in.) Hg of every field use, pair, or
mercury-in-glass compare to a liquid- | discard
barometer in-glass barometer
Differential Agree within 5% of Initially and after Reject test
pressure inclined manometers each field use results, or

gauge (does
not include
inclined

manometers)

consult
administra-
tor if post-
test catlibra-
tion is out
of specifi-~
cation
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3.0 PRESAMPLING OPERATIONS

The quality assurance activities for presampling prepara-
tions are summarized in Table 3.1 at the end of this section.
See Section 3.0 of this Handbook for details on preliminary site
visits. _ .
3.1 Apparatus Check and Calibration

Figures 3.1 and 3.2 or similar forms are recommended to aid
the. tester in recording calibration data and in preparing an
equipment checklist, status form, and packing list.

3.1.1 Type S Pitot Tube and Differential Pressure Gauge - For

the Type S pitot tube and inclined manometer assembly illustrated
in Figure 1.2, the following checks should be made before -each
field test.

1. Visually inspect the pitot tube openings for damage
such as a scratch, nick, or dent that would tend to disrupt'the
alr flow pattern. Check for proper alignment; that is, the cen-
ters of the two openings should be in a straight line such that
when one opening is directed upstream, the other will be exactly
180° opposite, pointing downstream. If the damage or misalign-
ment is obvious when visually inspécted, the pitot tube should be
replaced or repaired. Check the weld spots holding the two legs
together; if ‘broken; repair. - Calibration must be checked after
repair 1f the pitot tube does not conform to specifications.

2. Check the quick disconnects on the pitot tube and check
the connecting lines for proper operation. Clean the small metal
parts of the disconnect. Lubricate sparingly to help to keep
them free.

3. Blow out the pitot tube legs from the line ends with
compressed alir, rinse with distilled water then with acetone, and
dry with compressed air.

4. Visually inspect the differential pressure gauge for
damage. Repair or replace as necessary. Level the inclined

/ANty
=

e
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Date ﬁc{%ﬁ‘f /,, /977 Completed by 7 &/ﬁ THINS

Pitot Tube

Identification number J ¢ Date Aqd) yst /1 /1979

Dimension specifications checked?* 7 yes no

Calibration required? : yes i no

Date Cp O. ¥

Temperature Sensor

Identification number /G

Calibrated?* o yes no

Was a pretest temperature correction used? _ _ yes v~ no
1f yes, temperature correction °C (°F)

Barometer

was the pretest field barometer reading correct?#* L~ yes no

Differential Pressure Gauge

Was pretest calibration acceptable?* v~  yes no

*Most significant items/parameters to be checked.

Figure 3.1 Pretest sampling checks.
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' Acceptable Quantity Ready Loaded
Apparatus check Yes | No required Yes No and packed

Pitot Tube

././ . > 3
o \ s || g

Standard

Length & m(ft)

Calibrated* \//

Differential
Pressure Gauge

Inclined manom-
eter sensitivity

¢—.X on (in.)| 7 )
Other

<
(L
L
Y

Stack Temperature
Sensor . s

i ) ‘/- :\
1€ V -

Type TherMICdD "S5
. 7

~
(¢
n
9

Calibrated* ~NFf<,

L

Orsat Analyzer

N | Sl es
Orsat v v‘/’ =2 v ‘\7

- -/ . o<
Fyrite _ v v e J o
Other

*Most significant items/parameters to be checked.

Figure 3.2 ' Pretest preparation check.
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manometer (if used as the differential pressure gauge), and fill
with the proper specific gravity fluid; this recommended fluid is
usually inscribed on the manometer. Check for leaks, especially
around the fluid level plunger and drain screws. Replace the
fluid level plunger or O-rings if leaks are detected. Clean the
manometer when it is dirty and change the fluid at any sign of

fading. If other differential pressure gauges are used, follow
the manufacturer's check-out instructions.
5. Connect the pitot tube and differential pressure gauge

with the pitot tube lines. Check for obstructions by blowing
lightly on one pitot tube leg and then the other; watch the
responses of the gauge. Also check for leaks by blowing into the
downstream leg, sealing the opening, and noting any drop in the
pressure gauge reading. Check the upstream leg by drawing a
slight wvacuum, sealing, and noting the gauge. If there are no
leaks, the gauge readings will remain constant. No change in the
differential pressure gauge reading should occur.

6. Check the manometer fluid reservoir for proper adjust-
ment. A standard 0-254 mm (0-10 in.) H
able to adjust #1.3 mm (0.05 in.) HZO‘
3.1.2 Temperature Measurement System - The following temperature
gauge checks should be made before each field test:

1. Visually check the readout device, sensor, and inter-

2O manometer should be

connecting lines or wires as applicable for general appearance.
If damage is detected, repair or replace as necessary.

2. Compare the ambient temperature readings made with the
temperature measuring system to those made with a mercury-in-
glass thermometer. If the system does not agree within 14°C
(this is less than +1.5% at about 293K, which 1is near room tem-
peraturg) of the thermometer, the temperature measuring system
should be calibrated as directed in Section 3.1.2. Otherwise,
record the two readings in the calibration log book and date and
initial the entries.

3.1.3 Barometer ~ Check the field barometer reading against that
of a mercury barometer. If they disagree more than 2.3 mm
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(0.1 in.) of mercury, adjust the field barometer until it agrees
with the mercury barometer. Record the two readings in the cali-
bration log book; date and initial the entries.

3.2 Packing Equipment for Shipment

The logistics, time of sampling, and quality of data of any.
source testing method are dependent upon the packing of equip-
ment in regards to (1) accessibility, (2) ease of movement, andé
(3) optimum functioning of measurement devices in the field.
Equipment should be packed under the assumption that it will
receive severe treatment during shipping and field operation.
3.2.1 Type S Pitot Tube - Pack the pitot tube in a case pro-
tected by styrofoam or other suitable packing material. The

case should have handles which can withstand hoisting and should
be rigid enough to prevent bending or twisting of the pitot tube
during shipping and handling.

3.2.2 Differential Pressure Gauge - Close all valves on the

pressure gauge and pack it in a suitable case for shipment.
Pack spare parts such as O-rings and operating fluid (for in-
clined manometer). | -

3.2.3 Temperature Measurement System - Proper packing of the

temperature measuring systems depends on the type of system used.
In general, the sensor and leads can be protected from breakage
or other damage during shipment by securing them to the pitot
tube and enclosing ‘them with suitable packing material. The
readout dev1ce, if detachable from the sensor, should be packed
in a separate packlng case. Check batteries and include spares
prior to shipment if applicable.

3.2.4 Barometer - The barometer should be packed in a shock-
mounted (spring system) carrying case.
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Table 3.1 ACTIVITY MATRIX FOR PRE-SAMPLING

Operation

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Type S pitot
tube assembly

1. No evidence of
damage/misalignment

2. Proper operation

3. Cleaned accord-
ing to procedure

4. No leaks

5. No visual damage
or leaks

6. Proper response
of the gauge

7. Sensitivity #1.3
mm (0.05 in.) HZO

1. Visually check:
for damage, alignment

2. Check quick dis-
connects for proper
operation '

3. Blow out tube
legs; rinse first
with distilled H,0
and then with
acetone; dry with
compressed air

4. Check for leaks

5. Visually check
differential pres-
sure gauge for
damage or leaks

6. Check for ob-
struction by
blowing lightly

7. Check reservoir
for proper adjust-
ment range

1. Replace or
repair, and then
recalibrate

2. (Clean, and
use a drop of
penetrating
oil

Reclean

4. Repair or
replace as
necessary

5. Repair
or replace
as necessary

6. Remove ob-
struction, and

| repeat test

7. Add or
remove fluid

Temperature
measurement
system

(continued)

Agreement within *4°C
(7°F) (<1.5% at 293K)
(530°R); ~ room temp-
ature

Before each field
test, compare ab-
solute ambient
readings to those
with a Hg-in-glass
thermometer

Recalibrate
the system
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Operation

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Barometer

Agreement within (2.5
mm) 0.1 in. Hg

Before each field
test, check against
a Hg barometer

Adjust until
agreement
attained

Packing equip-
ment for
shipment

Packed according
to specified
conditions

Visually check

Correct the
packing
procedure

P
-

i a ™
A
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4.0 ON-SITE MEASUREMENTS

The on-site measurement activities include transporting
equipment to the test site, unpacking and assembling eguipment,
making duct measurements, measuring velocity, determining mole-
cular weight, and recording data. Table 4.1 at the end of this
section summarizes the quality assurance activities for on-site
measurements. A copy of all field data forms mentioned are in
Section 3.1.12.
4.1 Transport of Equipment to the Sampling Site

The most efficient means of transporting the eguipment from
ground level to the sampling site should be decided during the
preliminary site visit (or prior correspondence). Care should be

exercised to prevent damage to the test equipment or injury to
test personnel during the moving phase. '
4.2 Velocity Measurement

On-site measurements include the following steps:

1. Preliminary measurements and setup; this includes a
determination of acceptable flow conditions, as described in
Method 1 (Section 3.0.1).

2. Leak checking the pitot tube and differential pressure
gauge. - :' f
3. Insertion of the pitot assembly into the stack.
4. Sealing the port. ’

5. Measuring velocity pressure and temperature at de-
signated points.

6. Measuring the static pressure of the stack.

7. Determining the moisture content according to Method 4.

8. Determining the molecular weight according to Method 3.

A final leak check of the pitot tube and differential pressure
gauge assembly must always be performed upon completion of sam-

pling. Record all data on Figure 4.1 or similar form.
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Plant and city Run date

_tlalbey “f% ey Co, derutle Ohaol Ol 518 1O

-

Sampling location Clock
Main Dtock time 7 )
Run Amb. temp., Bar. press., Static press.,
number Operator °F in. Hg in. HZO
/ //2 Hlanum T’(/) L‘_\’} S 5/ TO.085
Molecular Stack inside dimension, in. Pitot
wt. Diam. of side 1 side 2 tube (Cp)
-y - - — L) AN ]
:) C 4 [ \-‘?_ \A ) '\/ 8’ - ( /J 4 9 q

Field data
Velocity Cyclonic flow determination
Traverse head _ Angle ()
point Position, (Aps), Stack temp., Ap at 0° which yields
number in, in. H20 °F reference a null Ap
O i oL s iyl 0. [
2 T ; 27 - 3 3
3 FES N 2 N ey E4
i 2. % LD G E Y 2
4"_{‘ L.‘ L. D ! o~ -~ SY ~ "7 Q"‘
L 43.9 L Y o2 oL o
o ) A N R =3 ]
= ;o 2 aa o, i
A PR 2 LEE 0.5 2
Aj’ A -} k4 .-.‘ ;f‘-( b '\5‘ l\j
< A Lo N oS Gl
‘ 75 °5 AN 9
a .
Average angle («) ;3

a Average of « must be <10 degrees to be acceptable.

Figure 4.1 Method 2 gas velocity and volume data form.
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4.2.1 Preliminary Measurements and Setup - An accurate determi-

nation of the stack's cross-sectional area is important when
calculating volumetric flow rate. Also, the inside dimensions
must be known to properly mark the pitot tube for making a veloc-
ity traverse and to calculate a total flow rate. Field team
members must use good judgement and experience in selecting the
best method of measuring stack dimensions for each particular
situation.

Two commonly used methods of measuring stack dimensions are:

1. Inserting a rigid rod made of metal or other material
that will, in most instances, withstand stack conditions through
a sampling port, is the easiest and most accurate method of mea-
suring the dimensions (i.e., diameter or length and width) of
small stacks . Caution: When testing a stack that has hot and/or
noxious gases at a positive pressure, use a packing gland to pre-
vent the gases from escaping from the sampling port. Also, wear
asbestos gloves when working around a hot stack.

Because all circular stacks are not perfect circles and
because all sides of a rectangular stack are not straight, best
results are obtained if the dimensions are measured from as many
sampling ports as available at the sampling site. Calculate the
average value for use in subsequent calculation of the volumetric
flow rate. Sketch the cross-sectional area of the stack on the
sample data form (Figure 4.1), and show all measured dimensions
and their values. Record the average value on the same form in
the blank space designated for stack dimension. (If the stack is
rectangular, record the average length and width in this space,
and mark out the diameter.) Determine all dimensions to the
nearest 3 mm (1/8 in.).

2. For stacks too large or too inconvenient for measuring
with a rod as described in (1) above, the next best method may be
to measure the outside circumference and to calculate the inside
diameter (d): '
' d = (C/n) - 2t " Equation 4-1

N
w
-

NN

!
t
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where
d = inside diameter of the stack,
C = outside circumference of stack,
n o~ 3.1416 ~ 22/7, and
t = stack wall thickness.

For rectangular stacks, measure the outside dimensions and
subtract the (2t) wall thickness; measure all lengths to the
nearest 3 mm (1/8 in). Note: In horizontal ducts, particulate
buildup may occur on the bottom of the duct; this buildup (deter-~
mined visually or by probing with a rod) should be subtracted
from the duct cross section. Select the sampling site location
in accordance with Method 2; if this is not possible due to duct
configuration or other reasons, have the sampling site location
approved by the administrator. Determine the minimum number of
traverse points by Method 1, or check the traverse points deter-
mined from the preliminary site visit (Section 3.0 of this Hand-
book). Record all data on the traverse point location form, as
shown in Section 3.0. Use these measurements to locate the pitot
tube and the sampling probe during preliminary measurements and
actual sampling.

4.2.2 Stack Parameters - Check the sampling site for cyclonic or
nonparallel flow, as described in Method 1 (Section 3.0.1). The
sampling site must be acceptable before a valid measurement can

be made. Be sure that the proper differential pressure gauge is
chosen for the range of velocity heads encountered.
4.2.3 Velocity Measurement -~ Determine the number and location

of traverse points and sampling ports by Method 1. For circular
stacks <3 m (10 ft) in diameter, two ports along diameters at
right angles to each other and in the same plane are sufficient;
however, when the stack diameter is >3 m (10 ft), four ports--one
at each end of the two diameters--are desirable to avoid the use
of extra long pitot tubes. If it is necessary to use a Type S
pitot tube >3 m (10 ft) in length, it should be structurally re-
inforced to prevent bending of the tube and resulting in the type
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error illustrated in Figure 2.7. Each sampling port and traverse
point should be identified by a number or letter and should be
so-designated on the sketch. ‘

Measure the velocity head and temperature at each traverse
point accessible from a given port by measuring each point once
as the pitot tube is inserted into the stack and moved across the
stack's diameter. To prevent damage or clogging, be careful to
avoid touching the pitot tube tip to the side of the stack wall.

A standard pitot tube may be used instead of a Type S, for
conducting velocity traverses; however, the static and impact
pressure holes of standard pitot tubes are susceptible to plug-
ging in particulate-laden or moist gas streams. Therefore, when-
ever a standard pitot tube 1is used to perform a traverse, -
adequate proof must be furnished to show that the openings of the
»>itot tube did not plug up during the traverse period.

The following procedure will provide sufficient evidence
that plugging did not occur.

1. Measure the velocity head (Ap) reading at the final
traverse point. _

2. Clean out the impact and static holes of the standard
pitot tube by "back purging" with pressurized air, and then re-
measure the Ap at the final point. If the Ap readings before and
after the air purge are the same (15%), the traverse is accept-
able. Note: If Ap at the final point is unsuitably low, another
point may be selected.

If "back purging" at regular intervals is part of the pro-
cedure, comparative Ap readings should be taken (as above) for
the last two back purges at which suitably high Ap readings are
observed.

3. Record the clock time, Ap, and TS for each traverse
point on the data form (Figure 4.1).

4. After the traverse, check the differential pressure
gauge zero setting and local indicator. If either has shifted,

reset and repeat the traverse.
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I1f a more sensitive differential pressure gauge is required
after making a traverse because the velocity head readings were
<1.3 mm (0.05 in.), use a more sensitive manometer, as discussed
in Section 3.1.1. After completing the traverse, check the pitot
tube differential pressue gauge assembly again for leaks, as de-
scribed in Subsection 4.2.5.

4.2.4 Measurement of Low Velocities - A Type S pitot tube can
be used to measure velocities as low as 122 m/min (400 ft/min)
without affecting the calibration coefficient.

Most sampling trains are equipped with a 10-in. (HZO column)
inclined vertical manometer that has 0.0l1-in. divisions on the
0-to-1-in. inclined scale and 0.l1-in. divisions on the 1-to-
10-in. vertical scale. This type of manometer (or other gauge

of equivalent sensitivity) is satisfactory for the measurement
of Ap values as low as 1.3 mm (0.05 in.) H20. However, a differ-
ential pressure gauge of greater sensitivity should be used (sub-
ject to the approval of the administrator) if any of the follow-
ing is found to be true:

1. The arithmetic average of all Ap readings at the tra-
verse points in the stack is <1.3 mm (0.05 in.) H,0;

2. More than 10% of the individual Ap readings are <1.3 mm
(0.05 in.) H,0 points, for traverses of 12 or more points;
3. More than one Ap reading is <1.3 mm (0.05 in.) H,0 for

traverses of fewer than 12 points.

As an alternative to criteria (1) through (3) above, the
following calculation may be performed to determine the necessity
of using a more sensitive differential pressure gauge:

Ap. + K
. v 1
T = X 1

Api

Mg

Mg

1
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where

I

Ap; individual velocity head reading at a traverse point,

mm (in.) HZO’

n total number of traverse points, and

K =0.13 mm (0.005 in.) H,0.
If T is >1.05, the velocity head data are unacceptable, and a
more sensitive differential pressure gauge must be used.
4.2.5 Special Precautions - Before and during the traverse, a
number of precautions should be taken:

1. The pitot tube should be short enough for easy handling
from outside the stack when held at any traverse point for safety
reasons and for efficiency in the measurement process.

2. The alignment should be made visually with reference to
the stack geometry and not by rolling or tipping the pitot tube
until a maximum response is observed.

3. I1f the gas stream contains a significant concentration
of particulates, both legs of the pitot tube should be blown out
frequently during the velocity traverse.

4. All unused sampling ports must be plugged, and the port
being used should be sealed as tightly as possible to minimize
any disturbance on the 'gas flow pattern when making a velocity’
measurement. The port being used can be sealed with asbestos
material, precut spongé, or duct tape depending on the tempera-
ture of the stack gas. '

5. If liquid droplets are present in the gas stream, a
liquid trap should be inserted in the gauge line leading to the
upstream pitot tube leg (impact opening). A trap may be required
for both legs.

6. When testing a stack that has hot and/or noxious gases
under positive pressure, a packing gland and gate valve assembly
should be used to prevent the gases from escaping from the sam-
pling port. Caution: Asbestos gloves should be worn when work-
ing around a hot stack. ' Always wear safety glasses and under
hazardous conditions, fullface shields.

() ;;
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7. Damage or suspected damage to any item of equipment,
such as a pitot tube or an inclined manometer, during the test
should be fully documented at the time it occurs or at the first
awareness of its occurrence. The item should be replaced by a
spare if available. If it is necessary to continue using the
damaged item, a posttest calibration (as described in Section
3.1.2) should be performed, and the new calibration should be
used for the data collected after the damage occurred.

4.2.6 Measurement of the Static Pressure in the Stack - Three
acceptable methods for measuring static pressure are given in the
order of decreasing acceptability:

1. Install a tap perpendicular to the stack gas flow, or
insert a 6-mm (0.25-in.) steel tube into the sampling port while
maintaining a good seal. Connec¢t one side of a U-tube manometer
to the tap, and vent the other side of the manometer to the
atmosphere. If the pressure is expected to be >63-75 cm (25-30
in.) HZO’ a mercury~filled U-tube manometer should be used
instead of a water-filled U-tube.

2. Use the static pressure tap of a standard pitot tube
connected to one side of a manometer. (If the stack pressure is
obviously negative, connect the static pressure tap to the other
side of the manometer; otherwise trial and error will have to
suffice.) Vent the remaining side of the manometer to the
atmosphere. Point the pitot tube pressure opening (the uncon-
nected end) directly into the flow and seal the port around the
tube. _

3. Use a Type S pitot tube with the pitot tube openings
facing perpendicular to the gas stream. Connect only one leg of
the pitot tube to the manometer; vent the other side of the
manometer to the atmosphere. Take extreme care to align the
probe properly and to seal the port around the pitot tube.

One static pressure reading is usually adequate for all
points within a stack; however, this must be confirmed by ran-
domly moving the pressure probe over the stack to see if there
are any significant variations--that 1is, a range of pressure
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values >100 mm (4 in.) H20. If there are significant variations,
visually check the location for physical flow disturbances. If
none are found, measure and record the static pressure at each
traverse point.

4. Measure the atmospheric pressure at the test site using
the barometer. _

Record the static pressure, Pg, (be_su:e to include the plus
or minus sign for positive or negative pressure respectively) as
read from the manometer on the velocity data form, Figure 4.1.
4.2.7 Pitot Tube Calibration Check -~ If the pitot tube coef-
ficient were based on an acceptable geometry standard, be sure
that the pitot meets these standards prior to each run and that
no posttest data correction is required from any pitot tube

damages that may have occurred during testing.

4.2.8 Dry Stack Gas Molecular Weight Determination - For combus-
tion processes, use Method 3. ' For processes emitting essentially
air, an analysis need not be conducted and a molecular weight of
29 should be used. Moisture content can be measured by using

Method 4. For other processes, consult the administrator.

4.3 Sample Logistics (Data) and Packing of Equipment - Follow
the above procedures until the required number of runs are com-
pleted. Log all data on the form shown previously in Figure 4.1.

The following are recommended at the completion of the test
series:

1. Record and duplicate all data recorded during the field
test by the best means available. One set of data can then be
either mailed to the base laboratory, given to another team
member, or to the Agency; the. original -data should be hand-
carried.

2. Examine all sampling equipment for damage, and then
properly pack it for shipment to the base laboratory. All ship-
ping containers should be properly labeled to prevent loss of
equipment.

3. Quickly check sampling procedures using the data form,
Figure 4.2.

-,
e

(27
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Sampling

Pitot tube, lines, and manometer assembled correctly?#* GyES
V4

Pitot tube and components mounted in an interference free man-
ner?* y<ESs
7/

Differential pressure gauge has correct sensitivity?* I ES
V4

Differential pressure gauge leveled and zeroed?* y&ES
/

Pretest leak check? §¢£3' (optional) Cyclonic flow checked? oS

Pitot tube parallel to stack walls?* eﬁfS‘

Static pressure measured? g/_g.r Temperature measured? g{g
Moisture content determined? 3/55‘ Method Z%#%Zkﬁcf /z%ﬂ%J ¢
Orsat samples taken? 748 I1f no explain:

Posttest leak check performed?* QAEI (mandatory)
Data recorded properly? “yES

7

*Most significant items/parameters to be checked.

Figure 4.2 On-site measurements checklist.




Table 4.1

Section No.

3.1.4

Revision No. 0

Date January 15,

1980

Page 11 of 12

ACTIVITY MATRIX FOR ON-SITE MEASUREMENTS

Frequency and method

Action if
requirements

Activity Acceptance limits - 0of measurement are not met
Type S pitot Leak-free connections; Visually check before | Take cor-
tube and manometer properly taking measurements rective
differential leveled; o0il column at each field test action
pressure zeroed
gauge
Temperature No physical damage Visually check for Take cor-
measurement damage rective
system action prior
to taking
measurements

Cross sectional
area of stack

All measurements
made to the nearest
3mm (1/8 in.)

During each field
test, measure inside
diameter (or width)
and/or circumfer-
ence (perimeter)

Obtain data
as specified

Velocity 1. Number and lo- 1. Check before Repeat
measurements cation of traverse taking measurements traverse
points (Method 1)
2. No leaks for 15 s 2. Apparatus leak
checked upon com-
pletion of tests
Static Variation in static Use one of three Check the
pressure pressure Pg <100 mm means given in Sub- location for
(3.9 in.) HZO to make sec 4.8; move probe disturbances;
a single polInt mea- over cross section 1t none,
surement to determine if measure and
variation is record the
significant static pres-
sure at
each point
{continued)
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Table 4.1 (continued)

Activity

Acceptance limits

' Frequency and method

of measurement

Action if
requirements
are not met

Sample logis-
tics (data)
and packing
of equipment

1. All data recorded
correctly

2. All equipment
examined for damage
and labeled for
shipment

1. Upon completion
of each traverse and
before packing for
shipment

2. As above

1. Complete
required
number of
runs

2. Repeat the
sampling if

.damage occurred

during testing
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5.0 POSTSAMPLING OPERATIONS

Table 5.1 at the end of this section summarizes the
quality assurance activities for postsampiing operations.
5.1 Apparatus Checks

Disassemble, clean, and visually check each component of the
sample apparatus upon completion of sampling. Posttest cali-
bration must be performed on the pitot tube if damaged, and the
temperature sensor. ' .
5.1.1 Pitot Tube - If the pitot tube is damaged, do not repair
if the sample runs were started with the unécceptablefpitot tube.
Calibrate the pitot tube according to Section 3.1.2. For cali-
bration purposes, the pitot tube posttest coefficient should be
used for all data obtained using the damaged pitot tube only.
For any runs that started with an acceptable pitot tube no data

correction is required. After calibration, repair the pitot tube
and calibrate as initially (by dimensional specifications or
calibration). Record poéttest calibration data on Eigure»S.l.
1f all runs were started with an acceptable pitot, and repairs
can be made, no field data correction is required.

5.1.2 Temperature Sensor - The stack temperature sensor readings

should be compared with the reference thermometer readings.

For thermocouples(s), compare the thermocouple and refer-
ence thermometer values at ambient temperature. If the values
agree within %1.5% of the absolute temperature, the calibration
is considered valid. If the values do not agree within 11.57,
recalibrate the thermocouple as described in Section 3.1.2 to
determine the difference (ATS) at the average stack temperature
(T ). Note: This comparison may be done in the field immedi-
ately following the tests.

For thermometers, compare the reference thermometer (1) at
ambient temperatures for average stack temperature below 100°cC
(212°F), (2) in boiling water for stack temperatures from 100° -
200°C (212° - 390°F), and (3) in a boiling liquid with a boiling
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Pitot Tube
Initial pitot tube coefficient 0. g
Was pitot tube damaged prior to start of any test runs? yes
no
If yes, was pitot tube calibrated prior to repair?* __yes no
Pitot tube coefficient (damaged) (this value must

be used for runs started with the damaged pitot tube)

Temperature Sensor

Was a pretest temperature correction used? yes __ y/' no
1f yes, temperature correction °C (°F) (within 1.5%

of readings in K (°R) over range)
£

Average stack temperature of compliance test (T_) /A K
Temperature of reference thermometer or solutioR for recalib

tion* 528 K m '

Temperature of stacrmometer for recalibration 5273 }(

Difference between reference and stack thermometer temperature
(AT ) 5 K (°R)

Do vafues agree within $1.5%?%* v yes no
If yes, no correction necessary for calculations
If no, calculations must be done twice, once with recorded,
values and once with average stack temperature corrected to
correspond to reference temperature differential (AT_ ). Both
values of final results must then be reported since there is no
way to determine which is correct

Barometer

Was pretest field barometer reading correct? v’ yes no
Posttest comparison 29.¢/ mm (in.) (Hg within (£5.0 mm (0.2 1in.)
Hg) of mercury-in-glass barometer) ’

Was recalibration required? yes v no
If yes, no correction needed when field barometer has the lower
reading

If mercury-in-glass reading is lower, subtract the difference
from the field data readings for the calculations

*Most significant items/parameters to be checked.

Figure 5.1 Posttest sampling checks.
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point >200° (390°F) for stack temperatures between 200° - 405°C
(390° =~ 760°F). (760°F),
the stack thermometer with a thermocouple at a temperature with-
I1f the abso-

the calibration is considered

For stack temperatures >405° compare
in *10Y% of the average absolute stack temperature.
lute wvalues agree within 11.5%,
valid. If not, determine the error (ATS) to correct the average
stack temperature.

5.1.3

agree within %5 mm (0.2 in.) Hg when compared with the mercury-

Barometer - The field barometers are acceptable 1f they

in-glass barometer. When the comparison is not within this
range, the lesser calibration wvalue should be Eéed for the cal-
culations. 1If the field barometer reads lower, no correction is
necessary. When the mercury-in-glass barometer gives the lower
reading, subtract the difference from the field data readings

for the calculations.

Table 5.1 ACTIVITY MATRIX FOR POST-SAMPLING OPERATIONS

Action if
Freguency and method | requirements
Apparatuys Acceptance limits of measurement are not met
Pitot tube If damaged, recali- After every field Recalibrate,
brate according to -test, visually and use cali-
Sec 3.1.2 inspect for damage bration fac-
' tor for data
obtained by
using damaged
pitot tube or
repeat the
tests
Temperature Within +1.5% of Calibrate with ASTM Use correc-
sensor absolute temperature mercury-in-glass tion factor
thermometer on tempera-
ture data
Barometer Within #2.5 mm (0.1 Compare with mercury-! Recalibrate,
in.) Hg at ambient in-glass barometer and use lower
pressure after each test barometric
values for
calculations
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6.0 CALCULATIONS _

Calculation errors due to procedural or mathematical mis-
takes can be a large part of total system error. Therefore, it
is recommended that each set of calculations be repeated or spot
checked, preferably by a team member other than the one who per-
formed the original calculations. If a difference greater than
typical roundoff error is detected, the calculations should be
checked step-by-step until the source of error is found and cor-
rected. A computer program that prints the input data so that it
can be checked is advantageous in reducing calculation errors.
If a standardized computer program is used, the original data
entry should be checked; if differences are observed, a new com-
puter run should be made. Table 6.1 at the end of this section
summarizes the quality assurance activities for calculations.

Calculations should be carried out retaining at least one
significant digit beyond that of the acquired data and then
should be rounded off after final calculation to two significant
digits for each run or sample. All rounding off of numbers
should be in accordance with the ASTM 380-76 procedures. Record -
all calculations on Figures 6.1A or B and on Figures 6.2A or B,
or on similar forms.

6.1 Nomenclature

The nomenclature used in the calculations that follow are
listed alphabetically.

A = Cross-sectional area of stack, m2 (ftz)
Bws = Water vapor in the gas stream (Method 5 or Method 4), pro-
portion by volume
C_. = Pitot tube coefficient, dimensionless



std

3600

18.0

g7 M {(g/g-mole)(mm Hg)
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Pitot tube constant,

'1/2
S for the-metric system, and

(°K) (mn H,0)

S

1/2
(°R)(1n. HZO) ] - for the English system

Molecular weight of stack gas, dry basis, g/g-mole
(1b/1b-mole)

Molecular weight of stack gas, wet basis, g/g-mole
(lb/1lb-mole), or : ’

Md(l - Bws) + 18.0 BWS Equation 6-1
Velocity head of stack gas, mm (in.) H,0

Barometric pressure at measurement site, mm (in.) HQ

Stack static pressure, mm (in.) Hg

Absolute stack gas pressure, mm (in.) Hg, or

Pbar + Pg - - Equation 6-2
Standard absolute pressure, 760 mm (29.92 in.) Hg

Dry volumetric §tack gas flow rate corrected to standard
conditions, dsm”/h (dscf/h)

Stack temperature, °C (°F)

Absolute stack temperature, K (°R), or

273 + t_ for metric system Equation 6-3
460 + t_ for English system Equation 6-4
Standard absolute temperature, 293K (528°R)

Average stack gas velocity, m/s (ft/s)

Conversion factor, s/h

Molecular weight of water, g/g-mole (1lb/lb-mole)
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6.2 Calculations
The following are the equations used to calculate the stack

gas velocity and the volumetric flow rate.
6.2.1 Average Stack Gas Velocity - Equation 6-5 is used to cal-
culate the average stack gas velocity at stack conditions.

(T.)
_ s’avg . _
Vg KpCp (JAp)avg PsMs Equation 6-5

This equation assumes that TS, PS, and MS do not change appreci-
ably (i.e., <1%) with cross-sectional distance and with time. If
they do, consult the administrator to determine an acceptable
procedure.

The (JAp)avg term is the average square root of each in-
dividual velocity head (Ap). Additionally, it should be noted
here that to be technically correct the term (JT;)an should be
used. However, since Ts is large, (usually >289K (515°R), the
term JTT;T;;; can be used with <1% error if the range of t_ is
not >10°C (50°F).

6.2.2 Average Stack Gas Dry Volumetric Flow Rate -~ Calculate

Qctq using Equation 6-6,

T

O ,.=3600(L - B )v. A [Std Ts Equation 6-6
std : ws’'s (TS§avg Potg qu
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Table 6.1 ACTIVITY MATRIX FOR CALCULATION CHECKS

Characteristice

Acceptance limits

Frequency and method
of measurement

Action if
requirements
are not met

Data analysis
form

All data and calcula-
tions given

Visually check

Complete the
missing data
values

Calculations

Difference between
check and original cal-
culations within round-
off error; at least one
decimal figure retained
beyond that of acquired
data

Repeat all calcula-
tions, starting with
raw data for hand
calculations; check
all raw data input
to computer calcu-
lations; hand cal-
culate one sample
per test

Indicate
errors on
analysis data
form
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7.0 MAINTENANCE
The normal use of emission testing eguipment subjects it o
corrosive gases, extremes in temperature, vibrations, and shocks.
Keeping the equipment in good operéting order over an extended
period of time requires a knowledge of the equipment and a prc-
gram of routine maintenance which is performed quarterly. Mair-
tenance procedures for the various components are summarized :i:x
Table 7.1 below.

The following procedures are not required, but are recor-
mended to increase the reliability of the equipment.
7.1 Pitot Tube

The pitot tube should be checked for dents,
dirt that may cause a complete restriction of pressure or causs
a leak in the system.

7.2

corrosion, and

Inclined Manometer
The fluid in the should be changel
whenever there is discoloration or visible matter in the fluig,
and during the yearly disassembly.

inclined manometer

No other routine maintenance
is required since the inclined manometers will be leak checked
during both the leak check of the pitot tube and the leak checx
of the entire control console.

Table 7.1 ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS

Action if

Apparatus

Acceptance limits

Frequency and method
of measurement

requirements
are not met

Pitot tube

Check for dents, cor-
rosion, other damage,
or broken welds

Visually check before
and after each test
run

Use another
pitot tube

or clean, re-
pair, and
calibrate

Inclined mano-
meter

No discoloration or
visible matter in the
fluid

Check periodically
during disassembly

Replace parts
as needed

NY
L
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8.0 AUDITING PROCEDURE

An audit is an independent assessment of data quality.
Independence is achieved if the individual(s) performing the
audit and their standards and equipment are different from those
used by the regqular field crew. Routine quality assurance checks
by a field team are necessary in generation of good quality data,
but they are not part of the auditing procedure. Table 8.1 at
the end of this section summarizes the quality assurance activi-
ties for auditing, and Figure 8.1 suggest a checklist for the
auditor.

Based on the results of a collaborative test of Method 2,
two specific performance audits are recommended:

1. Audit of the measurement phase of Method 2, and

2

2. Audit of data processing.
-In addition to these performance audits, a systems audit may be
conducted as specified by the quality assurance coordinator. The
performance audits and the systems audit are described in Subsec-
tions 8.1 and 8.2, respectively.
8.1 Performance Audits

Performance audits quantitatively evaluate the quality of
data produced by the total measurement system (sample collection,
data processing, etc.). It is recommended that these audits be
performed by the responsible control agency once during every
enforcement source test. A source test for enforcement comprises
a series of runs at one source. .

8.1.1 Audit of Measurement Systems -~ A performance audit should
be performed on the geometric standards for the Type S pitot
tube, as described in Section 3.1.1.

8.1.2 Audit of Data Processing - Calculation errors are prev-
alent in Method 2. Data processing errors can be determined by
auditing the data recorded on the field and laboratory forms.

i
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The original and audit (check) calculations should agree within
roundoff; if not, all of the remaining data should be checked.
The data processing may also be audited by providing the testing
laboratory with specific data sets (exactly as would occur in the
field) and by requesting that the data calculation be completed
and that the results be returned to the agency/organization.
This audit is wuseful in checking both computer programs and
manual methods of data processing.

8.2 Systems Audit

A systems audit is an on-site qualitative inspection and
review of the total measurement system (sample collection, data
processing, etc.). Initially, a systems audit is recommended for
each enforcement source test, defined here as a series of three
runs at one source. After the test team gains experience with
the method, the frequency of audit may be reduced--once for every
four tests.

The auditor should have extensive background experience in
source sampling, specifically with the measurement system being

audited. The functions of the auditor are summarized in the
following:

1. Inform the testing team of the results of pretest
audits, specifying any area(s) that need special attention or
improvement. ‘

2. Observe procedures and techniques of the field team

during sample collection.

3. Check/verify records of apparatus calibration checks
from previous source tests, where applicable.

4. Record the results of the audit and forward them with
comments to the team management so that appropriate corrective
action may be initiated.

While on site, the auditor observes the source test team's
overall performance including the following specific operations:

1. Determining stack dimensions and selecting the number
and position of traverse points.

-

I~
=
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2. Checking the geometry criteria in the field using the
devices described in the calibration section.
3. Marking the pitot tube to ensure measurements at the

correct traverse points.

4. Checking for cyclonic flow.

5. Aligning the pitot tube properly along its roll and
pitch axes throughout the velocity traverse.

6. Clearing the pitot tube frequently when measuring in a

dust-laden gas.
7. Leak checking the sample apparatus.
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Yes

No

Operation

NN

\ .

N

AN

NSNS

WNSN

B W

O 0 3 o »n

- 10.

11.
12.

13.

14.

15.
16.
17.

Presampling preparation

Knowledge of process conditions

Calibration of pertinent equipment prior
to each field tests

On-site measurements

Pitot tube meets geometry requirements

Manometer should be carefully leveled and
the liquid column set exactly on zero

Check for cyclonic flow

Leak check after sample run
Sampling port adequately plugged
Process at correct operating level

Pitot tube properly aligned along its
roll and pitch axes throughout the
traverse

Pitot tube frequently cleared when
measuring in a dust-laden gas

Manometer has the correct sensitivity

Staying at each traverse point long enough
for the system to stabilize

Measuring the stack gas static pressure
and temperature

Postsampling

All information recorded on data form as
obtained

Any unusual conditions recorded
Independent check of calculations
Temperature sensor calibrated

COMMENTS

Figure 8.1

Stack gas velocity and volumetric flow rate
determination checklist to be used by auditor.

7
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Table 8.1 ACTIVITY MATRIX FOR AUDITING PROCEDURE

Audit

Acceptance limits

Frequency and method

of measurement

Action if
requirements
are not met

Data processing
errors

Original and check
calculations agree
within roundoff error

Once during every
enforcement source
test, perform inde-

pendent calculations,

starting with re-
corded data

Check and
correct all
data for the
source test

Systems
audit

Operation technique
described in this sec-
tion of the Handbook

Once during every
enforcement test
until experience
gained; then every
fourth test; ob-
servation of tech-
nique, assisted by
audit checklist,
Fig 8.1

Explain to
team its de-
viations from
recommended
techniques,
and note on
Fig 8.1
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two considerations are
necessary: (1) the measurement process must be in a state of
statistical control at the time of the measurement, and (2) the
systematic errors, when combined with the random variation
(errors of measurement), must result in a small uncertainty.

To ensure good quality data, it is necessary to perform
quality control checks and independent audits of the measurement
process; to document these checks and audits by recording the
results, as appropriate; and to use materials, instruments, and
measurement procedures that can be traced to an appropriate
standard of reference.

Working calibration standards should be traceable to
standards that are considered to be primary. Two primary
standards recommended for establishing traceability are:

1. Calibrate pitot tubes against a standard pitot tube
with a known coefficient obtained from the National Bureau of
Standards or standard measurement which has been shown to have
given acceptable coefficients.

2. Compare the stack temperature sensor to an ASTM re-
ference thermometer.






*
10.0 REFERENCE METHOD

METIHOD 2-DETERMINATION OF ATACK (1as Vetncrry
AND VOLUMKTRIC FLOW RATE (TYPR S Pitot Tvue)

L. Principle and Applicabiltiy

11 Prinelple. The average gas velocity in a stack Is
detorinined from the gny density and frosn measurement
of the averagte velovity bead wld\ aTypo 8 (Stausschicibe
or ravorse Lype) pltot tubme, "

1.2 Applienbllity. ‘Thix method 18 applicable for
measuretent of He nvernga valock y of a g straunts angd
for qpunntifying gns flow,

Thix proceduroe is not applicable at meastrement dtes

o, Ohich fuil to meet the eriteddn of Methad 1, Section 2.1,
the method capnot be ased for diteet mensyrement
JAnevetonbe or switlisg pas strentnx; Section 2.4 of Merhod
B shows how to deternnne evelonic of swirhng Bow eon-
ditions, When ninevepinble couditions exist, alteriutive
Ynxw--h\n« stitgeet torhie approval of 1he Adioiuistiator,
LR, Envir nial Protection Agencey, st Le ein-
pluyed to nmuake accurate tlow eate determinations;
exmnples of such alte pative procedstres are: 04) Lo jnstatl
stralghtralng vanes; (2 to calcusste the total volumetrig
flow e stoichiometrically, or (f) 1o inove to ancther
measurement sito at which the flow is scceptable.

2. Apparatus

Bpaciflcations for the apparatus are glven helow. Any
other apparatus that has boey demonstrated (subjoct to
approval of the Administrator) ta Le capable of mecting

16 speeliications will bo cousldorod seceptable,
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*
Taken from the Federal Register, Vol. 42, No. 160-~Thursday,
August 18, 1977, pp.41758-41768.
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RULES AND REGULATIONS

e

'- 7.62em (3in)*

"y

TEMPERATURE SENSOR

i/

3.1.10

‘SUGGESTED (INTERFERENCE FREE)
PITOT TUBE - THERMOCOUPLE SPACING

TYPE S PITOT TUBE

LEAK-FREE
CONNECTIONS

1980

" MANOMETER

Figure 2-_1.‘ Type S pitot tube manometer assembly.

2.1 Type 8 Pitot Tube. The Type 8 pitot tube
(Figure 2-1) shall bo made of metal tubing {e.g., stain-
Jess steel). It is recommended that the external tubing
diameter (dimension D,, Figure 2~2h) be between 0.48
and 0.95 centimeters (Ms and ¥4 inch). There shall be
an equal distance from the base of each leg of the pitot
tube to its lace-ol)ening plane (dimensions P4 and P,
Figure 2-2b); it Is recommended that this distance be
between 1.05 and 1.50 times the external tubing diameter.
The face openings of the pitot tube shall, preferably, be
aligned as shown in Figure 2-2; however, slight misalign-
ments of the openings sre permissible (see Figure 2-3),

The Type S pitot tube shall bave a known coefficient,
Qetermined as outlined in Section 4. An identification

_ pumber shall be assigned to the pitot tube; this number
. ’ll“:lt} t;o ermanently marked or engraved on the body
of the tube.

FEDERAL REGISTER, VOL. 42, NO. 160—THURSDAY, AUGUST 18, 1977
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TRANSVERSE

TUBE AXIS | :
.  FACE .
+— OPENING —1

'_ | 1 panes |

(a)

A-SIDE PLANE

NOTE:

LONGITUDINAL Dt _ A
TuseAxis T j ¢ 8

{ 1.05 Dy < P<1.50 D¢
Pa=Pg

~ BSIDE PLANE
®

T e s

{c)

Figure 2-2. Properly constructed Type S pitot tube, shown
in: (a) end view; face opening planes perpendicular to trans-
verse axis; {b) top view; face opening planes paralle! to fon-
gitudinal axis; {c) side view; both legs of equal length and
centerlines coincident, when viewed from both sides. Base-
line coefficient values of 0.84 may be assigned to pitot tubes
constructed this way.
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%

LONGITUDINAL
TUBE AXIS™ ~/x—

1980

Figure 2- 3 Tvpes of face-opening mnsahgnment that can result from field use or im-
proper construction of Type S pitot tubes. These will not affect the baseline value

cf.Tpls) so long as a and a2 < 109, B and f2< 5% 2<0.32cm (1/8in.) and w <

0.02 cm (1/32in.} {(citation 11 in Section 6).
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A standard pitot tube may be used instead ofs Type 8,
provided that it meets the specifications of Bections 2.7
and 4.2, note, however, that the static and impect
pressure holes of standard pitot tubve are susceptiible to
plugging in particulate-laden gas streams. Therefors,
whenever a standard pitot tube is used to perform o

verse, adequate proof must be furnished that the
openings of the pitot tube have not plugged up during the
traverse period; this can be done by taking a velocity
head (Ap) reading at the final traverse point, cleaning out
the impact and static holes of the atandard pitot tube.by
“back-purging”’ with pressurized alr, and then tal
another Ar reading. I the Ap resdings made before an:
after the ajr purge are the same ( £5 percent), the traverse
is acceptable. Otlierwise, reject the run. NMote that if Ap
at the final traverse point is unsuitably low, another
B:ﬂnl may be selected. 1f “back-purging’ at regular

tervals & of ths procedurs, thien comparative A
readings shall be taken, as above, for the last two bec
purges at which suitably high Ap readings are observed.

2.2 Differential Presyure Gauge, An inclined manom-
eter or equivalent device is . Most sampling trains
are equipped with a 10-in. (water "oolwnn) inclineq-
vertical manameter, having 0.01-in, HsO divisions on the
0- to 1-in. fnclined geale, and 0.1-in. H:0 divisions on the
1~ to 10:n. vertical scale. This type of manometer g
other gauge of squivalent sensitivity) is satistactory
the measurement of Ap values es low a8 1.3 mm (0.05In.)
HyO. However, & difierential pressure gauge of greater
sensitivity s be used }mb}ect to the approval of the
Administrator), if any of the following is found to be
true: (1) the arithmetic average of all Ap readings at the
traverse points in the stack is less than 1.3 mm (0.06 in.)
. Hs0; (2) for traverses of 12 or more points, more than 10

percent of the individual Ap readings are 1.3 mun
(0.08 in.) HyO; (3) for traverses of foewer than 12 points,
more than one &p mdirxu below 1.3 mm (0.06in.) H50.
Chuation 18 in Bection 8 describes commercially available
mmuﬂon for the measuremen ¢ of low-range gas
v es. :

As an alternative to criteris (1) through &8) above, the
following ealenlation may be performed to determine the
necessity, of using s more sensitive differential pressure

gange: I

Yap+K

i4e

=]

im

i=1

=

where:
Api=Individual velocity bead reading at a traverse
int, mm HyO (in.H .0).

number of N

I T is greatsr than 1.05, the velocity head data are
unscceptable and & more uns}ﬁve differential pressure

. Nore.—If diff ure other than
inclined manometers are used (e.g., magnehelic gauges),
thelr calibration must be checked after each test series.
To check the calibration of a differential pressure gauge,
compare Ap readings of the gauge with those of a gauge-
oil at & mini of three pofnts, approxi-
mastely representing the range of Ap values in the stack.
If, at each point, the values of Ap as read by the differen-
tial pressure gauge snd-gauge-oil manometer agres 1o
within 5 percent, the differential pressure gauge shall be
considered to be in proper calibration. -Otherwise, the
test series shall efther be voided, or procedures to adjust
the measured Ap values and final results shall bs used,
subfect to the approval of the Administrator.

2.3 Temperature Gauge, A thermdcouple, Hquid-
filled bulb thermometer, bimetallic thermometer, mer-
cury-in-glass thermometer, or other gauge cg ble of
measuring temperature to within 1.5 nt of the mini-
mum absolute stack temperature shall used. The
temperature gauge shall be attached to the pltot tube
such that the sensor tip does not touch any metal; the
gsuge shall be in an interference-iree arrangement with

Hal

resgect to the pitot tube face openings (sce Figure 2-1 -
an

also Figure 2-7 in Section 4). Alternate positions may
be_used if the pitot tube-temperature gauge system is
calibrated according to the procedure of Section 4, Pro-

‘pltot tube 18 used
tu!

RULES AND REGULATIONS

mtt:‘u nu&o no&d nott; be‘at‘i:clggd to the pgltot ltube:
tornative u [
Adminjstrator. toc ® approv 5 of the
2.4 Pressure Probeand (auge. A piczometer tubaand
mercury- or water-filled U-tube menometer capabls of
Ineasuring stack Prcssuro to within 2.5 mm (0.1 in.) Hg
is uscd. The statle tap of a standard t;;ge pitot tube or
one leg of & Type X pitot tube with the face opening
planes positioned parallel to the gas flow may also be
us;% 08 the prmuri probe.
arometer.,

etor -capable of meaduri 7 L .;1' %rother b‘"’T&
- e of m ng_stmospheric pressure
within 2.5 mm Hg (0.1 tn. Hg) may be used. In many
casea, the barometric reading may bo obtained from a
nearby natlonal weather servics station, in which case
the siatfon valus (which 12 the absolute barometric
pressire) shall be requosted and sn adjustment for
elevation differences between the weather station and
the sampling point shall be appiled et s rate of minus
2,5 mm (0.1 in.) Hg 30-meter (100 foot) elevation
increase, or vice-vorsa for slevation decrease.

.6 Gas Density Determination Equipment. Method
3 equipment, if needed (sse Section 3.6), to detormine
the stack gas dry ular wdfom. 8nd Reference
Method 4 or Method 5 equipment for moisture content
dotermination; other motbods may be used subject to
approval of the Admii tor.

2.7 Calibration Pitot Tube. When calibration of the
Type 8 pitot tube is necesssry (see Section 4), a standard
as & reference. The etandord pitot

shall, bly, have a known coeflicient, obtained
either (1) tly from the Nationsl Bureau of Btand-
ards, Route 27‘0, Quince Orchard Road, Gaithersburg,

- | 1
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Maryland, or (2) by calibration against s=ather standard
pitot tube with an NBS-traceable cosZvient. Alter-
natively, a stondard pitot tube desiFmesd sccording to
the criteria glven in 2.7.1 through 2.7.5 »i-= and illus
trated In Figurc 24 (see slso Citatiors 7. 2, and 17 in
8ectlion 6) may be used. Pitot tuhes drsgred according
to thess specifications will have baseline roeflicients of
sbout 0.99:+0.01. .

2.7.1 licmispherical (shown fn Figure 2—4. cllipsoidal.
or confcal tip. )

2.7.2 A min!mum of six diameters sirls-trun (hased
upon D, the external diameter of the tuis; teiween the
tip and the static pressure Lioles.

2.7.3 A minimum of eight diametrrx sirgight run
between the static pressure holcs and toe centerdne of
the external tubo. following the 90 deeres end.
2.7.4 Stalic pressure holes of eqqual sl2s ‘L7 roxfmately

0.1 D), equally spaced in 8 plezomaoter rinz canfiguration.
2.7.5 Niocly degree Lend, wilh curv=2 or mitered
junction.

2.8 Differential Pressure Oopuge for Type S Pitot
Tube Calibration. An inclined manomesicr = equivalent
18 used. 1f the single-velocity calibrati~n tachiique is
employed (see Section 4.1.2.3), the caliteusn ditleren-
Ual pressure gaugo shall be readable Lo 2 nearest 0.13
mm HiO (0,005 in. 11:0). For muitivelociy ealibrators,
the gauge shall be readable to the nearess .13 mm [{:0
(0.005 in 1150) for Ap values between 1.3 an2 25 mm [1:0
'50.05 and 1.0 in. H30), and to the neares: 3.3 mm 1.0
0.05 {n. H:0) for Ap velues ebove 25 o= H,0 (1.0 io.
H10). A speclal, mnore sensitive gauge v be required
to read Ap valuos below 1.3 mm H:0 K.35 in. L,O]
(see Citation 18 ju Boction 6).

Rv_ o

1

._,\\__]r -
CURVED OR -
'MITERED JUNCTION £
=
STATIC ®

HOLES )
{~0.10) A1
w
.HEMISPHERICAL ~ 2

TIP \

U

Fjgu‘re 2-4.- Standard pitot tube design specifications,

3. Procedure .
3.1 Bet up the up;'mmtus as shown in Figure 2-1.

Capillary tubing or o tanks installed between the
manometer and pitot tube may be used to dampen Ap
fluctuations. It {8 recommended, but not required, that
8 pretest leak-check be conducted, as follows: (1) blow
through the pitot impact opening unti at least 7.6 cm
(3 in.) HyO velooity pressure regisiers on the manometer;
then, close off ths impact opening. The pressure shall
.remain stable for at lenst 16 seconds; (2) do the same for
the static pressure side, except using suction to obtain
the minimum of 7.6 em (3 in.) Hy0. Other leak-check

dures, subject to the approval of the Administrator,

vided that a difforence of not more than 1 percent in the
average velocity measurement is lntroduced, the tem-

‘FEDERAL REGISTER, VOL. 42, NO. 160-—.~THURSDAY. AUGUST 18, 1977

p-
may be used. . . =
8.2 ‘Level and ‘zero the manometer. Becanse the ma

nometer lovel and zero may drift due fo vii=:tions and
teraperature changes, make periodic check: uring the
traverse. Rocord all necessary data ac s2rsm in the
example dats sheet (Figure 2-6).

- 8.3 Measure the velocity head and temmperziure at the
traverse points specified by Method 1. Enscwe that the
proper differential prossure gauge 15 being tied for the
range of Ap values encountered (see Becticz 22). 1f it is
necessary to change to a more sensitive pexge. <o so, and
remeasure the Ap and temperature read:nex s2 each tra-
verse polnt. Conduct a post-test leak-check usadatory),
as described in Section 3.1 above, to validsi: L:e traverse

run.
3.4 Moeasure the static pressure in ite
reading Is usually adequate. .
3.5 etermine the atmospheric pressure.

racx. One
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PLANT
DATE . RUN NQ.

STACK DIAMETER OR DIMENSIGNS, m(in.)
_BARGMETRIC PRESSURE, mm ¥y (in, Hy)
CROSS SECTIONAL AREA, mE(fi2)

DPERATORS ,lx"-‘\.GZﬂE)'H"-"“vOi:‘f U ROV A3t RS Elaire
PITOT TUBEL.D.NO.
AVG. CCEFFICIENT,Cp= :
LAST DATE CALIBRATED _ 53“&%‘;’;‘&%‘;?&33'(
| . Stack Temperature
Traverse Vel. Hd., Ap Py
Pt. No. mm {in.) H20 tg, 9C (°F) Tg, 2K {°R) | mm Hg (inHg) Vap
]
|
Average
Figure 2-5. Velocity traverse data.
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Dmrm!no the stack ¢u dary molocuhr welght.
Yor sombuosti gmeau- hat emit essen-
uanyco.o..c N:.uMothoda.?orprm
yd.r.snunl nsed not be eon-
olscaler welght of 20.0, For other
to the approval of the

tant

33

from Ref

sampling locat! nnlwn possibl;

on. never L3
phnienly mm‘ the stack dimenslgm rather than
using blueprints.

4 ColBration
4.1 Tmeﬂtltot'l‘ube Beloro!hlnlﬁdm,m
fully examine msmwtmbe!nwp. md
end views to v etﬂy t th of the tul
are aligned within tions tlustrated in
:-zuz-&'rh.pam shall not be nsed if it
muubm tons,

alf, ont, measure
lndmrd o llowlng dmm o‘x“ﬁ‘m pitot tube:

- RULES AND' REGULATIONS

{a) the extornu tublng diameter (dlmena(on Dy, Figure
2-2b); ) the fx nces
(d lmmdnnl s and P 2-2b) D¢ i betwesn
Oanndoﬂsm(ﬂamd in.) and if P, and Psare

udnndbotwunlosmdl.sol?.,thamm possible
oonns (1) the pitot tube may be calibrated sccordin
to the procedure outlined in Bections 4.1.2 throug!
4.1.5 below, or (2) a bmum (isolated tube) coefficient
value of 0.84 may gned to the pitot tube. Nots,
however, that If the mpn.ot tube is of An _assenbly,
calibration may still be tequ.lrod despits knowledge
of_the baseline cosfliclent (sse Baction ull-

If Di, Ps, and Pgare outalde t!: Jimits
2latgxlbommbauubnuduoumnad indl Mhroush

4.1.1 Type 8 Pitot Tube Assernblies. Dnﬂng sample
and velocity traverses, ths fsolsted Typs 8 pitot tube is
not always used: {n many instances, the pitot tube I3
nsod in combimdon with ather souros-eampling compon-
ents (lbennooouglo, sampling rl'obo. noule) as psn of
an “‘assembly.
nents can sometimes affoct the baseline valus of the
] pltot mbe eoemelent (Citation 9 in Bection 6); therelore

asgigned (or otherwlse known) baseline coefficient

Section No. 3.1.10
Revision No. 0
Date January 15,
Page 7 of 11

value may or may pot be valid fora leen assembly. The
baseline aud assembly coe@icient values will be identical
only when the relative placement of the components in
the assemnbly s such that serodyosmic interference
eflocts are eliminated. Figures 2-6 through 2-8 illustrate
{nterference-lroe component srrangements for Type 8
gl!ot tubes having external tubing diameters between

48 and 0.95 cm (3{¢ and 34 in.). Type S pitot tube assem.
blies that {af! to meet ang or all of the specifications ol
Figures 2-8 through 2-8 shall be calibrated according to
the procedure oullined in Sections ¢.1.2 through 4.1.5
below. And prior t3 ealihmuon. ]‘he 'lnu‘)?,? of the {nter-
pitot zle, pi
pltot-probe sheath) am be messured snd mcortfed

Notz.—Do not nse any Type B pitot tobe mmbly
which is constructed lueh that the lmput pressare o
ing plane ol tho pitot tube {s below the enlry plane [ bo
noeels (ses Figure 2-6b).

4.1.2 Calibration Setup I the ‘l;gpe B pltot tabe is to
be calibrated, one leg of the tube be permanently
marked A, and the other, 3. Calibration shall be done in
a flow system having the following essentm design
features:

1980

Dc  TYPESPITOT TUBE
] x21.90 cm (/4 in) FOR D =1.3 cm (112 i)
SAMPLING NOZZLE

~A. BOTTOM VIEW; S“GW"IG MINIMUM PITOT-NOZZLE SEPARATION.

SAMPLING
PROSE

SAMPLING
NOZZLE

> ammm—— b

3 nt N
AN
ﬂ VAR ﬁ
Tv’_E s - - aeaatg @ -'l._ -
PITOT_TUBE
NOZZLE ENTRY
PLANE \

STATIC PRESSURE
OPENING PLANE

- S——— N G— ®

IMPACT PRESSURE
OPENING PLANE

S € SE———

SIDE VIEW; TO PREVENT PITOT TUBE -

FROM INTERFERING WITH GAS FLOW
STREAMLINES APPROACHING THE

NOZZLE, THE IMPACT PRESSURE

e

OPENING PLANE OF THE PITOT TUBE

SHALL BE

EVEN WITH OR ABOVE THE

NOZZLE ENTRY PLANE.

Fagure 2- 6 Proper pitot tube - sampling nozzle configuration to prevent
aerodynamic interference; buttonhook - type nozzle; centers of nozzle
and pitot opening aligned; D( between 0.48 and 0.95 cm (3/16 and

3/8in.).
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. 1

25508 cm |

L5

TYPES PITOT TUBE _

,./f_—szso em (3/4in)

Figure 2-7.

TYPES PITOT TUBE

Proper thermocodple placement to prevent interference;
Dy between 0.48 and 0.95 cm {3/16 and 3/8 in.). :

TYPESPITOT TUBE °

Al LR
SAMPLEﬂROBE
: i

.

- Y>7.620m (3in) —

.

Figure 2-8. Minimum pitot-sample probe sepafation needed to prevent interference;
Dt between 0.48 and 0.95 cm (3/16 and 3/8 in.). |

4.1.2.1 The flowing gas sircam must be confined to &
duect of definits cross-secltional area, either circular or
rectangular. For clrcular cross-sections, the minioum
duct diameter shall be 30.5 cm (12 in.); for rectan;
cross-gections, the width (shorter side) shall be at least
25.4 cm (10 in.)

4.).2,2 The cross-sections) area of the calibration duct
must be constant over a distance of 10 or more duct
diameters. For a rectangular cross-section, use an equiva-
lent diameter, calcuiated from the following equation,
1o determisie the number of duct dismeters:”

2LW
(L+ W)

Eguation 2-1

D.=

where:
D,=Equivalent diamefer
L=Tenat

Ww=Widib

To ensure the presence of stable, fully developed flow
patterns at the calibration site, or “test section,” the
site must be located at least eight diameters downstream
and two Jdiametors upstrean Qom the nearest disturb-
ances.

NoTe.~The eight- and two-diameter criteria are not
absolute; other test section Jocations may be used (sub-
joct to approval of the Administrator), provided that the
flow at the test site is stable and dewnonstrubly parallel
10 the duct axis.

4.1.2.2 The flow system shall have the capacity to
genrrate a test-section velocity around 615 nyymin (3,000

ft)min). This velocity must be constant with time to
guarantes steady flow during calibration. Note that
Ty%e 8 pitot tube coetliclents obtained by single-velooity
calibration at 915 r/min (3,000 ft/min) will generaily be
valid to within =3 percont for the measurement of
velocities above 305 m/min (1,000 ft/min) and to within-
=% 8 percent for the measurement of velocities be-
tween 180 and 305 m/nun (600 and 1,000 {t/min). If 8
more eJJrecise correlation hetween €, and velocity is
desired, the flow system shall have the capacity to
generate at least four distinct, time-invariant test-section
velocities covering the velocity range from 180 to 1,525
m/min (600 to 5,000 ft/min), and celibration data shal
e taken at regular velocity intervals ovoer this range
(see Citations 9 and 14 in Section 6 for details).

4124 Two entry ports, one each for the standard
and Type B pitot tubes, shall be cut in the test section;
the standard pitot entry port shall be located slightly
downstream of the Type 8 port, so that the standard
aud Type S impact openings will lie in the same cross-
sectional plane during calibration. To facilitate align-
ment of the pitot tubes during calibration, it is advisable
that tho test sretion bo constructed of plexigias or some
other transpatent material.

4.1.3 Calibration Procedure. Note that this procedure
is & gencral one and must not be used without first
referring to the special considerations preseuted in Sec-
tion 4.1.5. Note also that this procedure applies only to
single-velocity calibration. To obtsin calibration data
for the A and B sides of the Type 5 pitot tube, proceed
as follows:

4.1.3.1 Make sure that the manometer ia properly
filled and that the oil is free from contamination and is of
the proper density, Inapect and Jeak<hevk all pitot lines;
repair or replace if nreessary.

4132 Level and zero the manometee. Turn on tin
fan and allow the flow to stabilize. Seal the Type S entry

port. -

4.1.3.3 Ensure that themanometer is level and zeroed.
Pasition the standard pitot tube at the ealibration poi=:
(determined as outlined in Sotion 4.1.5.1), and align e
tube so that {ts tip is pointed directly intc the Sow, Pa:-
ticular care should be taken in aligning the rabe 10 sva:d
yaw and pitch nngl:\s. Make sure that the entry pos -
surrounding the tube is properly sealed.

4.1.3.4 Head Apang and record its valve ir a data tatie
similar to the one shown in Figure 2~0. Remove 1t
standard pitot tube from the duct and drscor:nect it fromn
the er. Seal the standard eutry port.

4.1.3.5. Connect the Type 8 pitot tube 10 1he manorr
eter. Open the Type S eutry port. CLeck the manon-
eter level and zero, Insert and align the Type S pitot tohe
30 that its A side impact opening is at the same point &
was the standard pitot tube and is pointed directly iz:a
the ilow. Make sure that the entry port surrounding wue
tube Is properly sealed,

4.1.3.6 Read Ap.nnd enter its value iz the data tabia
Remove the Type B pitot tube from the duct and ¢+
conucet it from the manometer,

4.1.3.7 Repeat steps 4.1.3.3 through 4.1.3.€ above uril
three palrs of Ap readings bave been obiained.

4,1.3.8 Rerpeat steps 4.1.3.3 through 4.1.3.7 above for
the 13 side of 1the Type S pitot tube.

4.1.3.9 Perform calculations, as deser:ted in Secuion
4.1.4 below.

4.1.4 Calculations;

4.1.4.1 For each of the six pairs of Ly readings (Le.
three from side A and three from side B) oblained m
Section 4.1.3 above, calculate the valte ¢f the Type §
pitot tube cocdicient as follows:
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PITOT TUBE IDENTIFICATION NUMBER: DATE:
CALIBRATED BY? : .

“A" SIDE CALIBRATION i
) " Apstd Ap(s)
em H20 em Ha0 DEVIATION'
' RUNNO. | (inH20) | GinH20) | Cpte) | Cots)-Cold)
; :
2
3 '
Cp (SIDE A)
I “B" SIDE CALIBRATION
Dpstd Apgg) .
- cm H20 cm H20 . DEVIATION )
RUNNO. {in. H20) - {in. H20) Cpls) Cp(s) - CplB)
B .
2
3 :
| CqlsioEB)

- |
S

AVERAGE DEVIATION = o (AOR B} = X

e < MUST BE <0.01

| & ts10E 4)-5 (510 8) |+-musT BE <001

. Figure 2-9, Pitot tube calibration data.

socording to the criteria of Sections 2.7.1 tq
2.7.5 of this method.
Apsaa=Velocity head measured by the standard pitot
Ape=Vitottiy besd easied by the Type B pitot
Por= y I ]

P Grbe, em HyO Gn. Hy0) oo T
4.1%.2 Calculate C, (side A), the mean A-side coof-
ficlent, and C, (side B), the mean B-side coofficlent;
calculate the difference between these two sverage

. - Ap .
Cowr=Crtey —}i—-

Equation 2-2

whare: .
. Cy¢)=Type 8 pllot tube cosficlent .
Cy(na) =Btandard pitot tube coeflicient; use 0.98 if th

coefliclent is unknown and the tube Iadesigned  walues.

. = lcp(’)-fﬁtﬁ oRp)| T

Section No. 3.1.10
Revision No. 0 .
Date January 15, 1980
Page 9 of 11

4.1.43 Calculate the deviation of each of the three A-
ide values of Cp(.) lrom C, (side A),and the deviation ol
each B-alde value of Cy (s from C, (side B). Use the fol-
lowing equation:

Deviation=C’,<.:—5,(A or B)
Equation 2-3

4144 Cnlcillate a, the average deviation from the
mean, for bolh the A and B sides of the pitot tube. Use
the following equation:

. 3 —_ '
2 icr\‘a)_cp(A or B)I
o (side A or B)=—" 3

Equation 2—-4

4.1.45 Usc the Type 5 pitot tube only il the values of
e (side A) and o (side B) are less than or equal to 0.01
and if the absolute value of the difference between C,
(A) and C, (B) 19 0.01 or less.

4.1.5 8pecial considerations.

4.1.5.1 Belectlion of calibration point.

4.1.5.1.1 When an isolated Type S pitot tube is call-
brated, select 8 calibration point at or nesr the ¢onter of
the duct, and follow the procedures outlined in Eections
4.1.3 and 4.1.4 above. The Type S pitot coefllicients s0
obtained, L.e., Cy (slde A) and C, (side B), will bs valid,
s0 long as either: (1) the isolated pitot tube is used; or
{2) the pitot tube is used with other cginponents (nozzle,
thermocouple, sample probe} in sn.arrangement that is
free from aerodynamic inter{crence efiects (sce Figures
2-6 through 2-8).

4,15.1.2 For Type § ?izo; tube-thermocouple com-
binations (without samnple probe), sclect a calibration
point at or near the center of the duet, and follow the
procedures outlined in Sections 4.1.3 and 4.1.4 sbove.
The coeflicients so obtained will be valid so long as the
pitot tube-thermocouple combination is used by ftself
or with other componentsin an interference-free arrange=
ment (Figures 2-6 and 2-8).

4.1.5.1.3 For assemblies with sample probes, the
calibration point should be located st or near the center

. of the duct; however, insertion of a probe sheath into a

small duct may cautse significant cross-sectional area
blockage and yield incorrect cocficient values (Citation ¢
in Section 6). Therefore, to rminimize the blockage eflect,
the calibration point may be a few inches off-center if
necessary. The actual blockage eflect will be negligible
when the theoretical blockaze, as determined by a
rojected-area model of the probe sheath, is 2 percent or
ess of the duct cross-sectional area for assemblies without
external sheaths (Figure 2-10a}, and 3 percent or lese for
assomblies with external sheaths (Figure 2-10b).

4.1.52 For those probs sssemblies in which pitot
tube-nozzle interference is a factor (i.e., those in which
the pitot-nozzel separation distance fails to meet the
sé)ecgimﬁon,iuustmmd in Figure 2-6a), the value of

's{s> dopends upon the amount of free-space between
the tube and nozzle, and therefore is a function of nozzle
size, In these instances, separate calibrations shall be
performed with eack of the cormmonly used nozzle sizes
in place. Note that the single-velocity calibration tech-
nique is acceptable for this purpose, even thotgh the
larger nozele'sizes (>0.635 cm or 2{ in.) are not ordinarily
used for isokinctic sampling st velocities around 915
m/min (3,000 {t/min), which is the calibration velocity;
note also that It is not necessary to draw 8n {sokinetic
sample during calibration (see Citation 19 in Section 6).

4.1.6.3 For a probe assembly constructed such that
1ts pitot tube is always used in the same orjentation, only
one side of the pitot tube need be calibrated (the slds
which will face the fiow). The pitot tube must still meet
the alignment specifications of Figure 2-2 or 2-3, however,
snd must have an average deviation (¢) value of 0.01 or
Yass (see Section 4.1.4.4).
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EXTERNAL
SHEATH
W
,—-——’-
¢ ]
| (b
'I.Sﬂ%ﬂm dxW__ 1 100
BLOCKAGE {DVCTAREA ' ,

(%) -

Figure 2-10. F_’ufojéctéd-area models for typical pitot tube assemblies.

4.1.6 Field Use arid Recalibration. .
41.6.1 Field Use.
41.6.1.1 When a Type 8 dpnot tube (isolated tube or
assembly) I3 used in the fleld, the appropriate coefliclent
value (whether assigned or obtained by calibration ) sball
be used to perform velocity calculations. For calibrated
T 8 pitot tubes, the A side coeflicient shall be used
when the A side of the tube faces the flow, and the B side
eoofficlent shall be used when the B side faces the flow;
alternatively, the arithmetic average of the A and B side
coeflicient values may be used, irrespective of which side
faces the flow.

4.1.6.1.2 When a probe assemhly is used to sample a
sraall duct (12 to 36 in. in diameter), the probe sheath
sometimes blocks s significant part of the duect cross-
sectlon, causing & reduction tn the efective valus of

T> . Consult Citation ¢ In Section 6 for details. Con-
ventionad pitot-sainpling probe assemblies ere not
recommended for use in ducts having ingide diameters
smaller than 12 inches (Citation 16 in Section 6).

41.0.2 Recalibration, L

4.1.6.2.1 Isolated Plitot Tubes. After cach fleld use, the
pitot tube shall be carefully reexamined in top, side, and
end views. If the pitot face openings aro still atigned
within the specifications illustrated in Figure 2-2 or 2-3,
1t can be asstmed that the baseline coetficiont of the pitot
tube hag not changed. If, however, the tube has been
damaged to 1he extant that it no longer mecta tho specifi-
ecatlons of Figure 2-2 or 2-3, the damage shall cither be
ropaired to restore proper alignment of the face openiugs
or the tube shall be discarded.

4.1.6.22 Pitot Tuho Assemblies. After cach field use,
check the face opening alignment of the pitot tube, as
in Scetion 4.1.6.2.1; also, remeasure the intercomponent
spacitgs of Lhe asserbly. If the Intercomponent spacings
bhave not changed and the face opening aliznment is
ncceptable, it ean be assumed that the coetllcient of the
assembly has not changed. If the fuce opening alignment
is no longer within the specifications of Figures 2-2 or
2-3, either rerair the damnge er replace the pitot tube
{ealibrating tie new assembly, if necessary). I the inter-
component spacings have chunged, restore the original
spacings or recalibrato the asseinbly,

4.2 Stondard pitet tube (if applicable). If a standard
pitot tube is used for the velocity ttaverse, the tube shall
ba coastructed according to the criteria of Section 2.7 and
shall be assigned a baseline coelticient value of 0.99. If
the standard pitot tube is used as part of an assembly,

the tube shail be in an interference-free arrangement
(subject to the approval of the Administrator).

43 Tem{m‘ature Gauges. After each field use, cali-
brate dial thermometers, liquid-filled bulb thermom-
eters, thermocouple-potentiometer systems, and other
gauges at a temperature within 10 percent of the average
absolute stack temperature. For tem tures up to
405° C (701° F), use an ASTM mercury-in-glass reference
thermometet, or equivalent, as a reference; alternatively,
elther a reference thormocouple and potentiometer
(calibrated by NBS) or thermometric fixed points, e.g.,
ice bath and hoiling water (corrected for barometric
pressure) may be used. For temperatures shove 405° C
(761° F), use an NBS-callbrated reference thermocouple-
potentfometer system or an aiternate reference, subject
to the approval of the Administrator.

It, during calibration, the absolute temperatures meas-
ured with the gauge being calibrated and the reference
gauge agree within 1.5 percent, the temperature data
taken in the fleld shall be considered valid. Otherwise
the pollutant emission fest shall either be considered
invalid or adjustments (if appropriate) of the test results
ahau be made, subject to the approval of the Adsministra-

r. .

4.4 Barometer. Calibrate the barometer used against
& mercury barometer,

5. Calculationy

Carry out calculations, retalning at least one extra
decimal figure bayond that of the acquired data. Round
ofl figures after final calculation.

5.1 Nomenelature.
A= Cross-sectional area of stack, m? (ft2).

Bu,=Water vapor in the gas stream {from Method 5 or
Reference hlethod 4), proportion by volume.

C,=Pitot tube coetliciont, dimensionless.
K ,=Pitot Lube constant,

(g/g-mole) (mm Hg) 3

(°K) (mm 11,0)
for the ruetric system and

ft (l_b_/l_l)-mole)(inv.lfg') 12
(°R) (in. I11;,0)

34.97 2

recC

85.49
see

for the English ]s?ste m; _
M.slv%olec ar weight of stack gas, dry basls (see
- Section 3.6) gfg-mole Ob/ib-mole). i
M,=Molecular weight of siack gas, wet basis, g/g-

mole (Ib/lb-mole}.
= Ma (1~B«)-+18.0 B Equstion 2-5
Phy.c=Barometric pressure ot measurement site, mm

HE (in. Hg). .
P,=Btack statlc pressure, am Hg (in. Hg).
P,=Absolute stack gos pressure, mm Hg (in. Hg):

= Prart- P, Equation 2-8
P..a;-Stnn)dnrd absolute pressure, 760 mm Hg (29.92

n. .
Q.a=Dry volumetric stack gas flow rate corrected to
. standard conditions, dsem/hr (dsef/hr).
t,=Stack temperature, °C (°F).
T, = Absolute stack temiperature, °K (°R).
=273+, for metrie Equation 2-7
+==460-+¢, for English Equation 2-8
T..4=8Standard absolute tcmperature, 293 °K (528° R)
o= Averoge stack gas velocity, m/sec (ft.sec),
Ap=Velocity head of stack gas, mm H40 (in. H,0):
3,600=Converslon factor, sue/hr.
18.0=Molecular woight of water, g'g-mole (b-1b-

mole). i
5.2 Average slack gos velocity.

Oy= K,,Cy(v A )-vl

TI(IYI)

PM,
Equation 2-9

)

Equation 2-10

53 Average stack gas dry volumetric flow rate.

T, P,
Qu=3,600{1- B.,)0. 4 (T."‘L) (P.

(nvg)
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12.0 DATA FORMS

Blank data forms are provided on the following pages for the
convenience of the Handbook user. Many of these forms are taken
or adapted from EPA forms, Reference 1, and other references. No
documentation is given on these forms as it would detract from
their usefulness. The titles are also placed at the top of the
figure as is customary for a data form. In order to relate the
form to the text, a form number is given in the lower right-hand
corner, e.g., Form M2 - 2.5, indicates that the form 1is
Figure 2.5, the fifth figure in Section 3.1.2, of the written
description for Method 2 (M2). Future revisions of these forms,
if any, can be documented by 2.5A, 2.5B, etc. Seven of the data
forms listed below are included in this section. Four are in the
Method Highlights subsection as shown by the (MH) following the
form number.

rry
o]
H
B

Title

N

Example of a Procurement Log

~J

Type S Pitot Tube Inspection Data Form
Pitot Tube Calibration Data

=
o

Stack Temperature Sensor Calibration Data Form

1.

1.

2.

2.

2.12 Differential Pressure Gauge Calibration Data Form
3.1 (MH) Pretest Sampling Checks

3.2 (MH) Pretest Preparations

4.1 Method 2 Gas Velocity and Volume Data Form
4.2 (MH) On-Site Measurements Checklist

5.1 (MH) Posttest Sampling Checks

8.1 Stack Gas Velocity and Volumetric Flow Rate

Determination Checklist to be Used by Auditor






PROCUREMENT LOG

Purchase
order Date Dispo-
Item description Quantity number Vendor Ordered Received Cost sition Comments

Quality Assurance Handbook M2-1.2






TYPE S PITOT TUBE INSPECTION DATA FORM

Pitot tube assembly level? yes no

Pitot tube openings damaged? yes (explain below) no

oy = ° (<10°), a4, = ° (<10°), B, = ° (<5°),
B, = ° (<5°)

y=___ _° 6s= °, A = cm (in.)

cm (in.); <0.32 cm (<1/8 in.),

N
I
g
172}
’..I.
o]
od
N

w = A sin 6 = cm (in.); <.08 cm (<1/32 in.)
Py cm (in.) Py ' cm (in.)
Dt = cm (in.)
Comments:
Calibration required? yes no

Quality Assurance Handbook M2-1.7







PITOT TUBE CALIBRATION DATA

Calibration pitot tube: type size (OD) ID number

Type S pitot tube ID number

“p(sta) =

Calibration: date performed by

A-Side Calibration

Apstdl AI)SI a b
cm (in.) cm (in.) C (s) DEV.
H,0 H,0 P
2
Average

B~-Side Calibration

Apstd’ Aps’ a b
cn (in.) cn (in. ) C (s) DEV.
H,0 H.0 p
2
Average
a Apstd -

“p(s) T “p(sta) \| TEp,

b -
DEV = - <0.
Cp(s) Cp, (must be <0.01)

Cp(A) - Ep(B)

(must be <0.01).

Quality Assurance Handbook M2-2.5

< v






STACK TEMPERATURE SENSOR CALIBRATION DATA FORM

Date Thermocouple number

Ambient temperature °C Barometric pressure in. Hg

Calibrator Reference: mercury-in-glass

other
Reference Thermocouple
Reference b thermometer potentiometer | Temperature
pointa Source temperature, temperature, difference,
number (specify) °C °c %

aEvery 30°C (50°F) for each reference point.
bType of calibration system used.

c[gref temp, °C + 273) - (test thermom temp, °C + 273)]
ref temp, °C + 273 .100<1.5%.

Quality Assurance Handbook M2-2.10






DIFFERENTIAL PRESSURE GAUGE CALIBRATION DATA FORM

Gauge type

Serial or ID number

Scale

Calibration:

Pressure
‘ Differential pressure difference
Gauge-oil manometer Ap gauge Ap %
initial posttest
Date calibrated by

Quality Assurance Handbook M2-2.12






METHOD 2 GAS'VELOCITY AND VOLUME DATA FORM

Plant and city Run date
Sampling location Clock
time
Run Amb. temp., Bar. press., Static press.,
number Operator °F in. Hg in. H20
Molecular Stack inside dimension, in. Pitot
wt. Diam. of side 1 side 2 tube (CP)
Field data
Velocity Cyclonic flow determination
Traverse head Angle ()
point Position, (Aps), Stack temp., Ap  at 0° which yields
number in. in. HZO °F reference a null Ap

Average angle («)°

a Average of @ must be <10 degrees to be acceptable.

Quality Assurance Handbook M2-4.1







STACK GAS VELOCITY AND VOLUMETRIC FLOW RATE
DETERMINATION CHECKLIST TO BE USED BY AUDITOR

Yes

No

Operation

10.

11.
12.

13.

14.

1s5..

16.
17.

Presampling preparation

Knowledge of process conditions

Calibration of pertinent equipment prior
to each field tests

On~-site measurements

Pitot tube meets geometry requirements

Manometer should be carefully leveled and
the liquid column set exactly on zero

Check for cyclonic flow

Leak check after sample run
Sampling port adequately plugged
Process at correct operating level

Pitot tube properly aligned along its
roll and pitch axes throughout the
traverse

Pitot tube frequently cleared when
measuring in a dust-laden gas

Manometer has the correct sensitivity

Staying at each traverse point long enough
for the system to stabilize

Measuring the stack gas static pressure
and temperature

Postsampling

All information recorded on data form as
obtained

Any unusual conditions recorded
Independent check of calculations
Temperature sensor calibrated

COMMENTS

Quality Assurance Handbook M2-8.1









